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D imcn / Refractor 


Designed and Built 


for U.S. Air Force 


The instrument is equipped 
with a precise sidereal drive, 
clamps and slow motions in 
right ascension and decli- 
nation and circles with 
verniers for right ascension, 
declination and the hour 


angle. 
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and CHARLES A. FEDERER, JR., Editor Southern Double Sta rs 


Ze 
ee Re iene P JosepH AsuBrook, Technical Editor \ REMARKABLE RECORD of long 
| EI ESCOPE continued single-handed = effort in 
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tion, New York: Edward A. Halbach, Milwaukee Astronomical Society; Donald H the University of lichigan, now EINE 
Venzel, Harvard College Observatorv: Paul W. Merrill, Mount Wilson and Palomar added to the shelves) of astronomical 
Observatories (retired): Charles H. Smiley, Ladd Observatory; Percy W. Witherell libraries throughout the world 


Sond st vical Clu < 
sond Astronomical Club In 1928, Michigan astronomers put 


astronomy can be found in Volume NI 


of the Publications of the Observatory of 


Into operation a southern branch station 
the Lamont-Hussev Observatory, at Bloem 


Vol. XV, No. 9 JULY, 1956 fontein, South Africa, equipped with a 
Cc e) N T E N T Ss fine 27!-inch retractor, for the systematic 


=-/ j 
COVER: The new 60-foot radio telescope of Harvard Observatory, now in opera- discovery and measurement of southern 
tion at the George R. Agassiz station near Harvard, Mass. Photograph by Robert double stars Seeing conditions at this 
E. Cox. (See page 388 location are excellent. W. J. Hussey, then 


SOUTHERN DOUBLE STARS 387 director at Michigan, had long felt the 


need for such a survey of the badly 


HARVARD'S NEW RADIO TELESCOPE neglected southern sky Through — the 


— David S. Heeschen 388 industrialist, R. P. Lamont, he obtained 
the funds to erect the Bloemfontein. sta 


ELEMENT FORMATION IN STARS — | tion, but Hussev died on his way to South 
= Otto Struve 39) Africa, and R. A. Rossiter took charge 


The double star work began in May 


HARRISONBURG OBSERVATORY EXPANDS FACILITIES 396 1950. Tec amines 6 feu 
liiai: DUSKY MARKINGS OF VENUS 397 \l k Jessup, participated at. first. but 


Rossiter was the sole observer from 1933 


AMERICAN ASTRONOMERS REPORT 398 until 1952. The results of this program, 
A MASTER OF STELLAR SPECTRA — Harlow Shapley 40] now published in full, are very striking 


\ systematic search was completed over 


BULLETIN FOR VISUAL OBSERVERS OF SATEEERVES practically the entire region from one 
No] Center degree north of the equator to the south 
celestial pole This resulted in the dis 


covery of no fewer than 7,368 new pairs 
AMATEUR ASTRONOMERS ( z 
‘ 


Western Amateur Astronomers to Meet in Flagstaff 


which 5.534 are due to Rossiter No 
other observer has so many double stars 
BOOKS AND THE SKY 40° to his credit Practically all of these 
The Sun and Its Influence doubles) were frequently observed, and 
A Popular Guide to the Heavens the total number of measurements in the 
Maria Mitchell, Girl Astronomer volume is 29,157, mostly by Rossiter 
lonized Gases The Lamont-Hussev catalogue is note 
A Mariner's Meteorology worthy for the large proportion of faint 
but verv close pairs It contains Dake 
40 on the 
first page of the catalogue. Its component 
NEWS NOTES Dorrit Hoffleit stars, both magnitude 10.4, are separated 


OBSERVER’S PAGE by only 0.2 seconds of arc 
Deep-Sky Wonder Could we view this system from 1/16 


GLEANINGS FOR ATM 
A Closed Tube, Low-Diffraction, Portable Reflector 


for example, the star Rossiter 3: 


SKY AND TEACHER of its actual distance from us, the magni 
5 R 


= tudes would be 4.4, and the separation 
A Teaching Unit in Astron Grade € 


three seconds; it would closely resemble 
SOUTHERN STARS 428 

STARS FOR JULY 429 and Zeta Aquarii. Therefore, despite the 

faintness of many of the Lamont-Hussey 

FEATURE PICTURE: The southeastern portion of the moon as a waning doubles, they are quite comparable physi 

crescent, 24.3 days old, from a photograph made with the Lick 36-inch refractor 

on August 2 1938, by J. H. Moore and J. F. Chappell. Lick Observatory 

photograph 395 


the familiar binaries Ni Ursae Mayoris 


cally to objects in the lists of Wilhelm 
and Otto Struve 
The completion of this great project 


marks the virtual ending of the Bloem 
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The workman perched on the reflector is bolting the last edge section into 
place, April, 1956. Photographs on this page are by Bart J. Bok. 


21-com. radio waves 


PUDIES of the 
from t hvdrogen 
led to 


have 


the gre 


coming 


clouds of outer space have 


many exciting new discoveries, and 


given astronomers valuable information 
the 
Wavy svstem and other galaxies 


the with a 


about properties of our own Milky 


few vears, 24-foot 


Harvard Observatory 


For past 


radio telescope has 
a significant role in the develop 


held of astronomy. It 


plaved 
ment of this new 
was recognized verv early, however, that 
if the full potentialities of 21-cm. research 
were to be realized, larger and = more 
powerful instruments would be needed 
Therefore, in the spring of 1954, under 
the leadership of B. J. Bok and H. I 
Ewen, plans were started to acquire such 
April 28th. this 


tele 


an instrument, and on 
the 
was dedicated Its 
long-time benefactor of Harvard Observa 
tors The National Science 


the Research Corporation, and individual 


veal George -R. Agassiz radio 


scope name honors a 


Foundation 


In November, 1955, the foundation forms were completed (left). 


donors provided funds for the construc 
tion of this instrument 

Radio telescopes used in 21-cm. research 
are analogous in many respects to optical 
reflecting telescopes. Both have a parabo 
loidal reflector 
to collect the reflected radiation and con 
In the 


and a device at the focus 


vert it to some usable form. 


optical case, the collector may be a photo 


graphic plate, or an eyepiece and an 


observer's eve, or anv of a variety of other 


devices. Ina radio telescope the collector, 
usually called the antenna feed, is a small 


that radi 


reflected 
that 


antenna converts. the 


ation into” electrical powe! can be 


measured with a radio receiver 
As) with 


powe! 


optical telescopes. energ\ 


vathering and angular resolution 
depend on the dimensions of the radio re 
flector The first increases as the square 
latter 


O-foot 


of the diameter, the linearly with 


diameter Thus, a reflector has 


four times the energy-gathering power 


and twice the resolving power of a 25 


Mager > 


arvard's 
ew Radio 


elescope 


Davip S. HEESCHEN 


Harvard College Observatory 


foot reflector, and is much more effective 
in studying weak hydrogen radiation from 
objects: in’ inter 


clouds or other 


The new 60-foot radio tele 


smal] 
stellar space 
scope provides a significant: increase in 
resolution. over existing 


sensitivity and 


21-cm. instrumentation in this countrys 
The largest receiver of this type 
world is an 83-foot dish at Dwingelo in 
the Netherlands. 


The new Harvard instrument: presents 


in the 


an imposing and unusual sight. At its 
topmost point, the reflector rises as high 
as a seven-story building, affording a fine 
with 
Much 


of its unusual appearance comes from the 


view of the countryside to anvone 


the energy and boldness to climb it 


supporting pier, which is tilted to give 
the the 
sky 


reflector access to entire visible 


The telescope was designed and built 
Mass 
entirely of 
8.000 


by D. S. Kennedy and Co., Cohasset 
Its 60-foot 
aluminum, 


For case of transportation and 


reflector is) mace 


and weighs about 


pounds. 


2o 


erection, it was constructed in 32 separat 


sections. The reflecting surface is an ex 


panded aluminum mesh, with square 


4 month later snow partially covered the finished foun- 


dation. The bolts to hold the telescope extend five feet into the concrete. 


S88 Sky AND Terescopr, July. 1956 


sarang nacre tn 


nth rene mes 


Sy, et ES Rai me ARIE: 











ee 





holes in the mesh 


21-cm. (8.3 


openings. Because the 


are much smaller than the 
leneth of the hydrogen radi 
ation, the reflector presents an ellectivels 
Standard 


used by the 


inch) wave 
solid surface to the radio waves 
surveying techniques were 
manufacturer to check the shape of the 
reflector It maintains its paraboli freure 
! leneth) in all 


s 


to within ! inch (1 64 wave 


reflector positions. 


Supporting a reflector of this size pre 


sents a number of difficulties. It must be 


mounted so as to point In any direction 
driven to fol 


above the horizon, and be 


low accurately the daily motion of a 
celestial object: across the sky 
the 


allowed 


No appre 
fieure of the 
Since the tele 
scope stands out im the open, exposed to 
all the 
operable despite wind and precipitation 


ciable distortion of 


reflector can be 


whims of mature. it) must be 


and must safely withstand extreme condi 


I he 


admirably in 


tions of wind and. icing manutac 


turer succeeded meeting 
these rather stringent requirements 

Phe mounting is equatorial, of a type 
similar to 


But 


that has some characteristics 


voke-mounted optical 
the plane of the “yoke” is perpe ndicular 


INstruments 


to the telescope's polar axis, to allow 
the antenna to be pointed below the 
having the re 


voke 


May 


celestial without 


flector 


equatol 


swing down between the 


Then 
therelore be 


physical dimensions 


kept 


\ 12-ton piece of solid) concrete 


arms 
within reasonable 
limits 
counterbalances the reflector and its sup 
Additional 


the re 


port around the polar axis 
concrete counterweights balance 
flector about the declination axis 
In order to keep the 


twisting around the declination bearings. 


reflector from 
it is connected at Th points to a torque 
steel cvlinder I8 feet lone 
This holds the 


serves as” the 


tube—a hollow 
and five feet in diameter 
and also 


reflector rigid 


declination axle. 


This view shows the small feed antenna supported at the focus of the dish by 





three fiberglass tripod legs. The declination counterweights are clearly seen in 
back of the reflector. The instrument is located on a wooded ridge, 600 feet 
above sea level, about 25 miles west of Cambridge, Mass. Nearby are a 24-loot 
radio telescope, also used for 21-cm. observations, and optical instruments that 
include a 61-inch reflector. Photograph by Robert E. Cox. 


I he 


mone those 


ments 


polar axle ais) probably unique 


of large astronomical instru 


It consists simply of a single roller 





The building for the electronic and control equipment is seen here, at a time 
when construction workers had just put the central section of the reflector in 


place. Photograph by Bart J. Bok. 





bearing, seven feet in diameter 1 hie 
outer bearing race is attached to the fixed 
base structure, while the inner. race IS 


fastened to the declination voke 


\ gear 


provides the means for turning the 


Structure 


cut on the inner bearing race 


tele 
SCOPE about the polar AXIS 
The entire 


103,600-pound — structure 


rests on a concrete foundation. Like a 
giant Erector-set model, its many parts 
are held together with nuts and bolts 
some 3.000 of them Phe foundation is 
2t feet in diameter, four feet thick, and 
is securely anchored to solid rock 12 feet 
below ground level 

Moving parts of the telescope weigh 
altogether about 36 tons, and are rotated 


about the polar axis by a 1) 10-horsepower 


geared down from 


svnchronous motor, 2 
1,800 revolutions per minute to one turn 
Fast 


degrees per minute are provided in both 


per dav. slewing motions of 15 


hour angle and declination. In addition 


a continuously variable rate of rotation 


is available for 
purposes, and to enable the 


back forth 
skv. 


about either axis setting 


tele scope to 
and an object 


The 


sweep across 


in the weight to be moved 
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presents no particular driving problem, 


since it is balanced about the axes of 
rotation and provides only constant In 
ertial loads and friction 

More 


winds on the 


serious is the effect of variable 


large area of the reflector 


To protect the gears and motors against 


overloads due to high winds or othe 


causes, Slip clutches are provided which 


relieve anv stresses before they can cause 


damage. All motors, gear trains and other 
components of the drive and control sys 
tem are housed in the upper part of the 
main The 


operated from a separate control building 
| | 


telescope pier telescope Is 


situated a short distance from the base 


of the 


cables, comprising 


instrument Approximately — 100 


two miles of wire. 
connect the te lescope and control station 

The specifications called for a pointing 
and driving accuracy of 10 minutes of arc 
\ series of tests, using both optical and 
radio techniques, is being made to deter 
under 


mine the telescope’s performance 


various operating conditions Preliminary 
that the 
than 10 
arc, even in winds up to 30 


While the 


_primarily to operate at a wave 


tests indicate actual accuracy Is 


considerably better minutes of 


miles per 


intended 


hour telescope is 


leneth of 
21 centimeters, the pointing and driving 


accuracy and the reflector’s rigidity are 


adequate for work at 10 centimeters 


The antenna feed, a horn antenna. is 


held at the focus by the tripod support 


that is seen prominently ino the photo 


graphs, including the front cover The 


cigar-shaped tripod legs were made _ by 


winding fiberglass strips around a core 


which was later removed. This verv rigid 


nonmetallic design keeps the diffraction 


effects of the support to a minimum 


knergy collected at the horn is’ trans 


mitted through a coaxial cable to re 


ceiving box 
attached to the 
This reflector 


an angular 


equipment mounted ino a 
back of the 


and 


reflector 


horn antenna give 


resolution of 45 minutes of 


arc at 21 centimeters The telescope re 


ceives and forms an average of the radi 
ation from a portion of the sky equal to 
about twice the area of the full moon 
Side lobes (equivalent to the diffraction 
rings formed by an optical te lescope ) pick 
up less than 1/100 the energy in the main 
reception beam of the antenna 

\s Important as the telescope itself is 
the electronic receiving equipment used 
kLwen 


with it, designed and built bv the 


Knight Corp. Essentially, it consists of 


two groups of radio receivers, each group 
containing 20 channels separated by fre 


quency intervals of 100  kilocveles per 


second The output of a channel in one 


group, representing the intensity of radi 
ation received at some frequency, is com 


pared with that of the corresponding 


channel in the second group. Such corre 
sponding channels are separated by two 


megacvcles The comparison is made 


automatically 400 times per second, and 


after two minutes the average diflerence 
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in outputs for each of the 20 pairs of 
channels is kach 
then shifted by five kilocvcles in frequency 


recorded channel is 


and the whole procedure is repeated 
Thus, in 40 
portion of the spectrum in the vicinity 
of the 


for a particular direction in the sky. 


minutes a two-megacvcle 


21-cm. hydrogen line is observed 
The entire operation is automatic, in 


recording of the data with an 
typewriter kach 


band-width of | five 


cluding 
channel has a 


kilocveles, 


clectric 
frequency 
corresponding to a resolution in radial 
velocity of one kilometer per second. The 
receiver IS) so that, 


60-foot antenna, it could detect 


SENSILIVE when used 
with the 
a one-watt transmitter ata distance of five 
million miles 

The research potential of this powertul 
new telescope is virtually unlimited, and 
many fascinating problems await its im 
During the coming 


mediate attention 


months, investigations will be made of 





“itt a 
a £4 


the hvdrogen-line eniission from. extra 


galactic objects, such as the great cluster 
of galaxies in Coma Berenices. Lhe in 


tense radio sources in’ Cassiopeia and 


Cyenus will be studied in emission and 


absorption, to see what they can tell us 


about the structure of interstellar hydro 


gen concentrations ino our own galaxy 
The physical properties of hydrogen in 


other parts of the galaxy, such as the 


regions around diffuse nebulae, associa 


tions of hot stars, and the Pleiades cluster 
will be correlated with optical features 
in those areas. 

Many other worthwhile projects could 
be added to the list. to sav nothing of 
the new possibilities that are invariably 
uncovered with improved research equip 


The field) of 
rapidly 


research IS 
voung Many 
vears of fruitful and interesting work lic 
George R radio 


ment. 21-cm 


and expanding 
ahead for the \eassiz 


telescope 


se 


a 


« 


me Sor | 


The dedication on April 28th was well attended by astronomers who came to the 

Agassiz station from near and far. This view of the instrument shows well the 

hollow declination axle and the 12-ton counterweight. The supporting pier is 
also hollow. Photograph by Robert E. Cox. 
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Element Formation in Stars — | 


Orrvo Srruve, Leuschner Observatory, University of California 


YEARS AGO LF wrote in this 
\pril, 1953) 


It seems to me 


HREI 
AQazine 
that the impor 
tance of local phenomena in Creating van 


kinds ol 


not been sufficiently appreciated ine the 


hous heavy atoms in stars bas 


past. Tt iy true that we have at 
little, if 


nature ol 


prese nt 


any, information regarding the 


these hypothetical local prov 


esses that we invoke to account for the 


continuous creation of lithium. tech 
netium, and perhaps other heavy atoms 
But we should remember that) we are 
here concerned only with the production 
ol traces’ of clements—occasional freak 
atoms that may happen once ina hundred 
billion tries 

‘We should) probably distinguish be 
tween nuclear processes In stars ona grand 
scale, such as the conversion of hvdrogen 


freak 


which only very rarely produce a 


and nuclear 


into helium Processes 


heavy 


atom The former must occur in large 


volumes within the stars, and must in 


practice be realizable under the average 


conditions of internal stellar tempera 


tures and pressures Phe latter need not 


occur at all under such average conditions. 
What they require is a local hot spot or 
other anomalous region on a star. such 
as a natural cyclotron or betatron.” 


When the 


tronomers believed that the 


above was written, most as 
cosmic abun 


dance scale of the chemical elements in 


the universe could only be explained 
in terms of a prestellar process involving 
Gamow, 


This 


and 


something like the “vlem” of G 
K. A. Alpher, and R. ¢ 


was thought of as an intensely hot 


Herman. 


fantastically dense medium of neutrons, 


protons, and clectrons, in which all the 


chemical clements were produced by 


interactions between these fundamental 


particles. As the medium cooled) by tts 


rapid) expansion, the initial abundances 


remained “lrozen” into the mixture. All 


the nebulae, dust clouds, and stars were 


produced from this medium, and they” 


contained, to begin with, the same abun 
All that 
then 


dances of the chemical elements. 
the stars could do later to modily 
composition was to destroy any small 
amounts of lithium, bervilium, and boron: 
to imcrease the proportion of helium at 
the expense of hydrogen; and perhaps to 
increase the ratio of the carbon isotopes, 
Cl two Cl, as a result of the Bethe-von 
Weizsicker carbon-nitrogen cycle. 

Only a few among them 
\lbada and F. Hovle, dared to 


creation of 


astronomers, 
G. B. van 


think, three yvears ago, of the 


heavy atoms in red giants and exploding 
supernovae, and even they did not regard 


these processes as very important ine the 


enuire picture of the formation of the 

chemical elements. 

very ditkerent 

National Acad 
1956), W. oA 


Gsreenstern say 


loday the situation is 


In the Proceedings of the 


emy of Sciences (April 15 
Fowler and J. L. 
‘Can nuclear and astrophysical prov 


esses, now understood, be found which 


produce the heavier clements trom hydro 


gen, in stars, under conditions such as 


EXISt at present: Is there any astrophiys! 


cal evidence that element-building now 


occurs: We are not committed to any 


speculative relativistic cosmology, nor 


are we excluding the possibility of a 
primeval, explosive phase. We wish to 


trace the evolution of a universe Contain 
ing initially only the simplest atom, hydro 
gen, part of which condenses into stars, 
leaving an interstellar gas, out of which 
later generations of stars may condense. 
We will show that known laws of nuclear 
physics and known astronomical processes 
lead to element-building in certain stars 


mass loss to interstellar space, or explo 


both of which now occur, returns 


SLO 
mixed with the 


New 


Increased proportion of 


heavier elements, to be 


interstellar hydrogen stars formed 


will have an 
heavy elements 


There can now be no doubt that th 


stars do serve as atomic reactors in which 


heavy elements are produced. But not 


all stars do so in the same manner or with 


the same ethcrency Those of the sun's 


tvpe are relatively inactive, though even 


“cook™ the 
scale The red 


thes heavy elements on a 


small giants and super 


elants produce large nuclei copiously in 


their interiors, the novae and supernovac 
do so explosively, and the magnetic stars 
manufacture heavy elements near thei 
surfaces by the betatron ettect 

abundance 


The meaning of the cosmic 


scale is now very different; there is no 


distribution ol 
Way 


heavy 


uniform “frozen” cosmic 


Milky 


enriched in 


the elements. The is being 


continuously atoms 


and newly formed stars start on their evo 


tracks with ereater abundances 


than did the 


lutionary 


ol heavy elements oldest 


stars of Population II. Individual stars 


are now known to differ greatly trom each 


Each of the myriads of stars in this photograph can be regarded as an atomic 


reactor, forming heavier atoms from hydrogen. 


Harvard’s 24-inch Bruce tele- 


scope took this picture of part of the great Sagittarius starcloud, not far from 
the galactic center. The bright stars are Delta (left) and Gamma Sagittarii. 
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other an detailed) chemical Composition 


Until recently, there were three reasons 


unilorm 
leak 


into interstellar 


whi istronomers believed nh oat 


cosmic abundance scale. First. the 


ave of matter trom stars 
even though 


kinds ot 


space proceeds very slowly 


Whaiss Is being eyect 1 by many 


stars: supergiants, supernova and novac 


close binaries md very hot miatinese 


quence stars. Consequently, stars formed 


even a billion years apart will differ only 


Slightly in initial Composition. Second 


most of the stars whose atmosplhi res have 
been analyzed with the spectrograph hap 


pen to be neighbors of the sun in 


Thus 


spac ( 


they all belong to the relatively 
initial 
differed 


there is 


young Population 1, and then 


compositions would not have 


Third, in 


mixing of gas between its deep in 


rreatls such a star 


little 


terior where nuclear reactions are form 


ing heavy atoms, and the surtace lavers 
the only part ol the star we can analyz 


1 hese 


essentially th 


directly lavers therelore still have 


same Composition as the 


interstellar medium trom which the star 


was born, and the term cosmic abundance 


scale is meaninetul today only when we 


ire speaking of stella atmospheres that 
ire free of the effects of mixing 
ideas on element building in 
work olf 


Ol particular interest are the 


Lhe new 


stars come from. the many as 


Lronomers 


fundamental contributions of M. Schwarz 


schild and Hoyle on the internal tempera 


ture ft the giants and supergiants, ol 


Fowler and Greenstein on the formation 


of heavy atoms ino an original hydrogen 


star, and of Fowler, G. R. Burbidge and 
kK. Margaret Burbidge on nuclear reactions 
it the surfaces ol stars 
In th 


realize that. the 


magnets 


past lew years we have come to 


fundamental process in 
stellar evolution is the gravitational con 


traction of a mass of gas. In its earliest 
tenuous miter 


L000) hry 


stages it is an extremely 


stellar cloud Contamme sore 


drog nh atoms pel cubic centimeter at a 


temperature perhaps only a few hundred 


degrees above absolute zero lo contain 


enough matter to make an average star 


such a cloud must originally be about one 


light-vear or six trillion miles across 


\s the cloud contracts, its internal tem 


perature rises until nuclear processes bye 
first taking place at 
They 


rather rare clements 


Gil oO Opcrale the 


about a million degrees consist: ol 


the destruction of the 


lithium, berviliuam, and boron, but the 


star produces relatively litthe nuclear en 
cloud 


ergy because in the original gas 


clements must have been extremely 


Phen 


lormation of small amounts of 


thre st 


scarce destruction results in the 


helium 
The star, therefore, continues to con 
central 


degrees \t 


tract until its temperature is 


at least) five million this 


ve, the thermonuclear fusion of hydro 


into helium sets in. Because of the 


rreat abundance of hydrogen, the star 


> 


now releases an enormous amount. of 
energy and its Contraction is temporarily 


halted 


changes hardly at all 


During a long interval the star 
in size and surface 
dwarts like the 


billions of vears, 


temperature For cool 


sun, this stage lasts some 
million vears for a 


Zeta 


but it is only a few 


very luminous O-type star, such as 


Puppis 


kventually, when much of the avail 


able hydrogen supply has been converted 
into helium, the contraction resumes, and 
the central temperature rises rapidly un 
til it reaches several hundred million ce 


In this stage the outer lavers of 


YFees 
the star are blown out; it becomes a super 
giant of low) surface temperature, like 
Antares or Betelgeuse 


\s Hovle has 


nuclear transformations Cannot stop a star 


succinctly stated, “ Thre 


from contracting.” Its internal tempera 


ture may rise until it reaches several bil 


lion degrees! Ultimately, of course, the 


density of the star becomes so great—ol 


the order of a million cubic 


that the 


erams pel 
centimeter star’s material ceases 
to obey the laws of perfect gases. [It be 
is then a 


comes degenerat and the star 


white dwart. But if it is more massive 


it must expel some of its 
settle 


than the sun 


matter before it can down to. its 


long cooling-off stage as a white dwart. 


In this way, still more material is returned 
to the interstellar medium. 

We have plenty of evidence that many 
This was stressed long 


and A. G. Mass 
present writer. 


stars do lose mass 


avo by V.G 


well as by the 


k« SSC nkov 


vich, as 
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In the proton-proton reaction, two protons unite to form a deuteron, with the 

expulsion of a positron and a neutrino, Collision of the deuteron with a proton 

then produces a light-weight isotope of helium, which may, in turn, form the 
common helium isotope. The key to the symbols is in the lower right. 
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Phere is some indication, but no conclu 
sive prool, that all of the interstellar mat 
ter now in the Milky Way may have come 
from these gas-expelling stars; all of it 
may have once been inside of older stars 
that have already run through their evolu 
tionary cycles. The evidence is discussed 
article on the interaction of stars 


(November, 1954, 


in my 
and interstellar gas 
page 11). 

\ hydrogen atom of mass 1.7 *« 100 74 
gram consists of one proton carrying neal 
ly all the mass and 


electric Charge ol 4.8 & 10 


possessing a positive 
1 electrostatic 
unit, and of an electron whose mass is 
1 1.836 that of the proton and whose elec 
18 x 10-19; At 


hydrogen 


tric Charge is negative, 


ordinary room temperature, 


atoms move with an average velocity of 


about two Kilometers per second. At 


10,000° absolute, the surface temperature 


of Sirius, the atoms have velocities 


of about 10 kilometers pet second, 


Sane 


Their kinetic energies at room tempera 
ture are too small to damage the atoms 
they 10,000° colli 


sions can remove the electron from a hy 


when collide, but at 
drogen atom; it is then ionized, and the 
gas consists mainly of free protons and 
electrons. A collision between a proton 
and an electron may result in capture, re 
constituting a normal hydrogen atom. 
Two protons cannot collide because their 
positive electric charges repel each other 
very strongly whenever the particles get 
Close together, 

But the temperature inside a hydrogen 
rises because of 


star) gradually eravita 


tional contraction. At 20 million degrees 
the velocities of the protons are about 
000 kilometers per second, and two pro 
tons Can approach very close to each other 
when they meet head on. Recent Compu 
that they within 
10) 18 centimeter which is some 1, 10,000 


tations show may come 
the size of a normal hydrogen atom. In 
such a near collision, something very re 
markable happens: The two protons no 
longer repulse one another but stick to 
gether, bound by a very powerful though 
physically quite mysterious force 
Simultaneously, one of the two protons 
changes its Character; it emits a positron 
(positive electron) and a neutrino, be 
coming an uncharged particle called a 


The 


deuteron, which has the mass of one pro 


neutron. results of the fusion is a 
ton plus that of one neutron (almost, but 
not exactly, the mass of two protons), and 
the positive electric charge of the proton 
This deuteron, should it capture an elec 
tron, would become an atom of heavy 
hydrogen (H2), also known as deuterium. 

The deuteron can collide with another 
proton, still at the high speed of 500 
kilometers per second. This proton sticks 
to the deuteron and does not eject a posi 


But 
turbed by the impact, and in combining 


tron. the deuteron is somewhat dis 
with the extra proton ejects a powerful 
gamma ray of electromagnetic radiation. 


The new particle is the nucleus of a rare 
































The formation of carbon nuclei in hot stellar interiors is illustrated at the left; the formation of oxygen and neon at the 
right. Still heavier atoms may be built up in a similar manner. 


isotope of the clement helium (He*), con 
sisting Of two protons and one neutron, 
with very nearly three times the mass otf 
a proton. 


I his 
either a 


nucleus does not interact with 


proton or a deuteron, but if 
cnough He® nuclet have been produced, 


two of them may collide, bringing to 


gether four protons and two neutrons. 
This would combine six proton masses and 
four positive Charges, but such a particle 
can exist only momentarily; it quickly ex 
pels two protons, leaving only two pro 
tons and two neutrons. Thus it becomes 
a nucleus of the abundant helium IsOLope 


(He), 


the mass of fou protons, with two posi 


the alpha particle. It has nearly 
tive electric Charges. 

The foregoing process produces deu 
terium and helium out of hydrogen. No 
other clements are generated. But as the 
star gradually exhausts the hydrogen in 
Its innermost core, Contraction again sets 
in, and when the temperature rises to 
about 150 million degrees a new reaction 
begins to function. Two alpha particles 
meeting with velocities of a few thousand 
kilometers per second fuse to form a new 
particle of four protons and four neu 
trons. This would be an isotope of beryl 


lium (Bes); it is not found terrestrially 
because it rapidly disintegrates back into 
two alpha particles. But in) some. stars 
there should be at a given moment a con 
siderable number of such nuclei, even 
though any single one decays quickly. 
Fowler and Greenstein have computed 
that at a density of 104 grams per cubic 
centimeter, such as might exist in’ the 
heavily contracted core of a supergiant, 
there would be at any moment one Be& 
nucleus for every billion alpha particles. 

While such a beryllium isotope lasts, it 
can collide with another alpha particle 
and produce a nucleus consisting of six 
protons and six neutrons. Thus it has a 
mass of 12 and six positive charges — it 
is a carbon nucleus (C12). In this process 


a gamma ray is ejected, adding to the ra 


diant energy of the star. Fowler points 


out that this reaction cannot be observed 
in the laboratory because it is Impossible 
under experimental conditions to main 
tain a supply of the unstable beryllium 
isotope. But he has, nevertheless, proven 
the existence of the process by means ol 
the reverse reaction, the breaking up ol 
whe NM 


carbon into beryllium and helium 


the carbon nucleus is excited by gamma 
radiation. 
Once 


ing heavier elements is relatively 


carbon has been produced, build 
direct. 
Phe carbon nuclei can combine with al 
(O18), 


collisions, can 


pha particles to produce oxygen 
and the latter, by similar 
neon (Ne). At still higher 
peratures, about five billion degrees, the 


form tem 


nuclei of carbon, oxygen, and neon can 


react with each other and with their re 


action products. In this manner iron 


(Fe®*) might be built up by successive 
steps. Fowler suggests, “The marked peak 
universal abundance curve, sym 
Fe*6, 


stable 


in the 


metric about is due to those stars 
which 


energy release had terminated.” 


remained until all nuclear 


We have thus accounted for the build 
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There are six steps to the carbon-nitro- 
gen cycle, which operates at tempera- 
tures of 15 to 20 million degrees, in the 
interiors of stars on the main sequence 
of the Hertzsprung-Russell diagram. 


ing up of a large number of elements in 


first-generation stars. But notice that car 


bon, oxvgen, and neon came into exist 


ence only at the verv high temperature 


of 150 million degrees, when hydrogen 


was practically exhausted. Therefore, no 


simple collisions of these heavier nuclei 


with protons could have played any role 
nuclear 


Yet we know of stellar processes 


that involve just these atoms. ‘Therefore, 


Fowler suggests that some first-generation 
stars explode or expel matter into inter 
stellar space after the creation of carbon, 
and neon, but before 


oxveen, tempera 


tures of the order of five billion degrees 
are reached. 
The interstellar medium would thus be 
enriched in these elements, and new stars 
of the 


tain them, in addition to a large 


second generation—would con 
amount 
of the original hydrogen. At a relatively 
low temperature in a second-generation 


star's mixture, say 20 million degrees 
many new processes become possible. Ot 
fundamental importance is the Bethe-von 
Weizsicker carbon-nitrogen cycle, the first 
detailed nuclear sequence discovered to 
explain energy generation in the. stars 
(1938). 

Its starting fuel consists of four pro 
tons, and the end product is an alpha pat 
ticle; the slight loss of mass appears as 
radiant energy. Carbon atoms, used in the 
beginning, reappear at the end without 
ultimate number. Inci 
dental new particles are N18, C18, NV, 
OM, and N°, Many of these nuclei react 
with protons and with neutrons, so that 


change in their 


ultimately in these second-generation stars 
all elements are generated (from hydro 
gen, helium, and carbon) to atomic masses 
as great as that of lead. But lithium, beryl 
synthesized in 


Fowler 


lium, and boron are not 
stellar 


the Burbidges suggest that they are pro 


interiors. However, and 
duced at the surfaces of stars possessing 
spots of high and variable magnetic in 
tensity. 

(To be continued) 


July, 1956, Sky AND TeLescopr 393 





NEWS NOTES 


FAINT BLUE STARS 

The first 
W. J. Luvten, 
and E. F. ¢ 


yona, tor the 


report on a joint survey by 


niversity of Minnesota, 
irpenter, University of Ari 


detection of faint blue stars 


has appeared in the Astronomical Journal 
such stars found on blue and 


Steward Ob 


They list 
vellow plates taken at. the 


servatory in Tucson. Phese are possibly 


all distant stars of Population IL; then 


proper motions are very small 


dwarlt stars were 


limit of the sur 


Surprisingly, no whit 


found. The magnitude 


vev was about 17.3, and white dwarts 


within a distance of 300 light-vears should 


have been detected. They are so Common 


in the solar neighborhood that three blu 
ish stars of this type might have been ex 


pected in the 23 square degrees studied 


VO! V3] 


Qu 


as the 


1k IN 
view of neighboring galaxies, such 
Andromeda nebula, M31, permits 
events better than we 


Way, 


us to obse Ve sone 


can in our own Milky where multi 


By Dorrir HorFLeri 





increasing distance trom the center. Phe 


central of the Andromeda system 


seems to be very transparent; the spiral 


region 


arms with their heavily obscuring cust 


lanes do not come closer than about 2.500 
parsecs from the center 

M31 
On the basis ol 


Dr. Arp compared the novae in 


with those in our galaxy 


a distance modulus of 24.2. magnitudes, 


their absolute magnitudes are in) exact 


well 
light 


with the luminosities of 
Dhen 


same varieties, and then 


accordance 


determined galactic novae 
curves show the 
strictly com 


outburst also 


energies are 
parable 

From his 30 light curves (published in 
the February number of the Astronomical 
Journal), Di 


among the duration of a nova (defined in 


Arp finds close relationships 


this case as the time during which it was 
brighter than apparent magnitude 20.0), 
fading, 


the out 


its maximum brightness, rate of 
radiated during 
with the 


and the energy 


burst. The two novae shortest 


durations, only five days, reached appar 





tudes of stars and clouds of obscuring 


matter confuse and obstruct our view to 
distant parts of the system. In the Milky 
Wavy we 


of the 


can observe only a small traction 


stars or novae that occur each 
M31, Halton (¢ 
nearly complete observations 


take 


( louded 


new 
vear. For Arp concludes 
from 
that 


annually, 


More 


about 26 nova outbursts place 


after allowing — for 
nights and other factors limiting the effec 
tiveness of his patrol 


In 1929, E. P. Hubble 
atic survey of the Andromeda galaxy and 


made a system 


found 82.) novae Dr. Arp has now de 
tected 30 more. On 290 nights between 
June, 1953, January, 1955, 
1.000 photographs ot M31 were taken at 
the 60-inch Mount Wilson 
retlector I he show 
faint as magnitude 20.5, except in crowded 


that 


and about 
Observatory 
negatives stars as 


regions near the center of galaxy 
bright unresolved background 


Apart from this 


where the 
makes discovery difhcult 
region, the number of novae falls off with 
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These selections from 
Dr. Arp’s light curves 
of novae in the Andro- 
meda galaxy are: (Up- 
per left) One of the two 
fastest novae on record, 
with an initial rise of 
about a magnitude per 
hour. (Upper right) An 
extended spell of favor- 
able weather allowed 
the best pre-maximum 
and maximum observa- 
tions of any of the M31 
novae; note the abrupt 
slowing of the rise in 
brightness just before 
maximum is” reached. 
(Bottom) One of the 
novae of long duration. 


ent magnitude 15.7, corresponding to ab 
solute magnitude 8.5, while the longest 
lasted 150 davs and reached absolute mag 
nitude 6.1 Phe diagram is adapted 
from the Astronomical Journal. 


ORIGIN OF BINARY STARS 


Fission as a mechanism for the forma 
tion of spectroscopic binaries appears to 
be finally ruled out, according to G. P 
Kuiper, Yerkes and McDonald Observa 
Publications of the Astro 


(December, 


tories, in the 
nomical Society of the Pacifte 


1955) 


Amplifying the arguments he set forth 
in 1935, Dr. 
anism for the 


Kuiper favors a single mech 
origin of all ty pts ol 
double stars, spectroscopic as well as vis 
ual. Citing recent work on the dimensions 
of globules, he believes that a number ot 
condensations in a single protoster could 
result in a multiple star, though systems 
of more than two components would ordi 
unless the distances 


narily not be stable 


between the members permitted them to 
survive under their mutual gravitation 

There is no evidence for two classes of 
binaries, Close and wide, as often supposed 
in the past, Dr. Kuiper confirms. The 
apparent division into visual and spectro 
scopic binaries is caused by observational 
selection. Fission cannot. take place in 
bodies having as strong a density concen 
tration toward the center as is now known 
tO ENISE IM stars. 

Dr. Kuiper finds that his model tor the 
formation of double stars from protostars 
reasonable accord 


gives predictions in 


with observation for the relative numbers 


of binary orbits of different sizes 


LUNAR MARIA 


Phe origin of the moon's surface tea 


tures is a long-debated problem whose 
eventual solution depends on careful stud 
such as are being 


Alter, of the 
February 


detail, 
Dinsmore 


ies of surface 
carried out. by 
Grithth Observatory. In- the 
Publications of the 
of the Pacific, he presents a series of beau 
tiful luna 
(“seas”), together with a key photographic 


Astronomical Society 


photographs of the maria 


map for identification. He also lists no 
fewer than 12 observational facts that any 
acceptable hypothesis concerning the ori 
gin of the maria must explain, or at least 
These include the 


not contradict. large 


sizes of the maria, the smoothness of then 
surfaces, the appearance ol vhost craters 
within them, the darkness of the maria 
compared with other areas of the moon, 
and properties of their shores. 

Detailed examination of Maria Nubium, 
Serenitatls, 
\lter that 
lunar maria have resulted from = sinkings 
of the 


molten rock in the sunken areas. 


Humorum, Nectaris, Cristum 
and Imbrium, suggests to Dr. 
surface, followed by overtlow. of 
Impacts 
of asteroids or large meteorites may have 
triggered these sinkings, but they alone 
cannot have produced the maria as seen 
now. Lo this, Mare Imbrium, within its 


central ring, may be an exception; it 
could have been formed more or less as it 


Although 
than the 


is now by an asteroid collision 


many craters appear vounger 


maria, the latter have come into existence 


rather late in the evolution of the lunar 


surface, Dr. Alter suggests. 





FACING PICTURE: The southeastern 
portion of the waning moon, age 24.3 
days, is here enlarged from a negative 
taken August 20, 1938, by J. H. Moore 
and J. F. Chappell, with the Lick Ob- 
servatory 36-inch refractor. This is the 
sixth in a series of sectional views 
which began in the February issue. To 
the left of center is the compact dark 
“sea,” Mare Humorum, with the large 
crater Gassendi at its northern (lower) 
edge. Farther north lies part of the 
huge gray expanse of Oceanus Procel- 
larum, and in the lower right the large 
dark oval is the ring plain Grimaldi. 

















poe 


Harrisonburg Observatory Expands Facilities | 


Mennonite College, Hat 
Heights 
\stral 


Hall, with a seating capacity of 100° fon 


I kastern 
risonburg, Va., the Vesper 
Observatory has opened its new 


its astronomy classes and for general 
public demonstrations of a new Coperni 
can-type planetarium or orrery 

Designed by the observatory director, 
M. LT. Brackbill, the 


tioned, 25-by-40-foot 


hall is an air-condi 
brick 
isan addition to the original observatory 
first Spitz 


structure. It 


dome, in which is housed the 
planetarium sold in the United States 
The orrery is attached to the ceiling of 
hall, in the 
those at the Hayden Planetarium in New 
York Citv and the Morehead Plane 
tarium at Chapel Hill, N.C. The earth 
is represented by a lighted electric bulb, 


and the other planets are proportionately 


the lecture same manner as 


sized steel spheres: Mercury, Venus, Mars, 
Jupiter, and Saturn are included. “The 


correct relative speeds ol revolution 


around the central light globe (the sun) 
are obtained by means of tiny. electric 
model-train locomotives that operate on 


tracks The 


how each planet (except Saturn) is sus 


circular photograph shows 
pended from one of these engines 
When the sun globe is not lighted and 
the bulb for the earth is turned on, the 
apparent retrograde motions of the plan 
ets are shown by their shadows. 
Other 


and ceiling facilitate the study of planets 


devices and charts on the walls 


and constellations. In the ceiling above 


the lecture electrically 
illuminated planisphere, one of the many 
Mr. Brackbill, 


first became interested in astronomy when 


platform is an 


devices designed by who 








1910. The hall 
is equipped with motion-picture projec 


he saw Halley's comet in 
tion facilities. 

Phe new addition was constructed with 
friends 


funds donated by members and 


of the Astral Society, which recently cele 
25th 
of amateurs both in and out of college, 
than 900) members 
Mr. Brack 


bill. They reside in all parts of the United 


brated its anniversary, Composed 
the society has more 
who studied astronomy under 
than a dozen foreign 
Brackbill keeps in touch 


States and in more 
countries. My 
with them through society publications 
and correspondence 
In 1930, the Astral 


6-inch to the college 


donated a 

The ob 
servatory now has a 12-inch reflector, seen 
left of 
ture: a 


Society 


reflector 


center in the accompanying pic 


6-inch refractor (covered); two 





The new lecture hall serves as an exhibit room, where the lecturer has a versatile array of models, globes, charts, photo- 


graphs, and demonstration devices at hand to illustrate astronomical 


phenomena. 


model-train locomotives may 


The 


be seen on some of the tracks that represent planetary orbits in the ceiling orrery. 
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lanch retractors, a d-inch German binocu 


lar, and a S-inch Japanese binocular 
Setting up these instruments on the out 
door platform has proven more practical 
for public and student: observing than 
when one larger telescope was operated 
in the dome, where the Spitz planetarium 
projector is now housed. 

The observatory built) in 
1938, donated by that 


Since then, more than 12,500 per- 


dome was 


the senior class of 
vear, 
sons have visited the observatory, includ 
ing school and scientific groups, religious 
and civic organizations, and individuals. 
demonstrations are given 
both 


Planetarium 


throughout the year for students 
and the public. 

In all his work, Mr. Brackbill is assisted 
by Robert 
tacted by all persons and groups wishing 


to visit Vesper Heights Observatory. 


Lehman, who should be con 


The observing platform provides places 
for instruments of many sizes. 





The Dusky Markings of Venus 


which 


HE PLANET 
conspicuous in the evening sky this 


Venus, was So 
spring, has been scrutinized through near 
ly every amateur telescope. Most obsery 
ers will agree that the planet is a difhcult 
telescopic object, apart from its Conspicu 
ous phases. Its brilliant white surface 
does show very delicate pale gray shadings 
but these are hard to make out, and every 
conscientious observer who records them 
recognizes the danger of subjective ef 
fects. How can he guard against illusion? 

Dr. A\udouin Dollfus, of the Meudon 
Observatory, discusses this problem in his 
article, “A Visual and Photographic Studs 
of the Atmosphere of Venus,” which ap 
peared in the November, 1955, issue of 
This 


important paper summarizes a decade's 


the French journal L’Astronomie. 


observation of the planet. In it he has 
investigated the subjective detail super 
imposed on the real features of Venus. 
using telescopes ranging from 2 to 24 
inches in aperture, and powers from 20x 
to 1,200x, through different color filters 
Three types of illusion were noted as 
common: elongated parasitic shadings ap 
pearing to meet at the planet's cusps; a 
brightening along the planet’s limb; and 
a central spot, forming a short arc paral 
lel to the limb. 
marked 


These spurious features 


are most when Venus is near 
quadrature, and lessen when it is near su 
perior conjunction. They diminish with 
increased magnification, becoming local 
ived near the tips of the crescent. 

If the magnification is high enough so 
the telescopic image of Venus has six times 
the diameter of the moon as seen with the 
naked eye, then these illusions do not af 
fect the observer appreciably, according 


to Dr. Dollfus. Applying this rule, the 


lowest power that can be safely used for 


studying the dusky markings on Venus is 


about 350x, 


even when the planet is 
nearest. 

For his series of over 100 drawings of 
Venus, Dr. Dollfus used the 24-inch re 
fractor of the Pic duo Midi Observatory, 
with a magnification always at least 500x 
this station in 


Pyrenees are exceptionally 


The seeing conditions at 
the French 
planetary work. 
were carried out at night, by twilight, and 
in full daylight. When a metal screen on 


good for Observations 


a long pole was used to shield the objec 
tive from direct sunlight, Venus could be 
successfully observed even if only three 
degrees from the sun. 

The general conclusions are that Venus 


is covered with a high cloud layer, through 





This map of the permanent markings 
of Venus is by Audouin Dollfus, from 
drawings of 1948 to 1953. The chart 
is centered on the subsolar point, and 
the map projection is such that the 
concentric circles are 30 degrees apart 
on the planet’s surface. Reproduced 
from “L’Astronomie.” 


dark, 


clouds can be 


whose gaps drifting, lower-lying 


seen, as well as dark sin 
face markings (or low atmospheric ph 
nomena stabilized by surface features) 
From the semipermanent nature of the 
Dollfus believes that 


224.7 


days, the same as the period of orbital 


surface markings, D1 
the rotation period of Venus is 
revolution, in agreement with earlier find 
ings by G. Schiaparelli, J. Camus, and A 
Danjon. If this is correct, the same hemi 
sphere of Venus is always turned toward 
the sun. (Some other astronomers believe 
that the rotation period is much shorter.) 

\ useful method was employed in pre 
paring a map of the surface features. To 
distinguish between these and the transi 
tory lower cloud formations, all drawings 
made within a 10-day interval were copied 
on cellophane. The dark markings were 
represented by stipplings of fine dots, 
whose concentration was proportional to 
the contrast. The cellophane representa 


tions, all the same size, were exactly su 
perimposed, and a photographic contact 
copy was made using parallel light. In 
this way, permanent surface features were 
reinforced, while markings 
were smoothed out. 


The Pic du Midi photographic obser 


temporary 


vations were made in yellow, blue, and 
ultraviolet light. While all of 
showed something of the dark markings, 
ultraviolet light of wave length 3400 ang 


these 


stroms gave by far the best results. Bright 


clouds and conspicuous mottlings ap 
peared, but these features changed so 
rapidly that they could not be recognized 
from one day to the next. In addition, 
Dr. Dollfus’ ultraviolet photographs often 
showed cloud bands, such as have been 
described by G. P. Kuiper from his pic 
tures secured with the 82-inch McDonald 
(See Sky and Tele 


scope, February, 1955, page 131.) 


Observatory reflector. 
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AMERICAN 


ASTRONOMERS 


REPORT 


Here ave highlights of some papers prese nied at the 94th meeting of the American Astronomical Society 


at Columbus, Ohio, in’ March. Complete abstracts will appear in’ the 


Origin of Asteroid Groups 

New 
solar system has been provided by a study 
Rabe, 


As has long 


light on the early history of th 


of asteroid orbits by E. NIVETSIEN 


of Cincinnati Observatory 


been known, few minor planets have 


periods that are close to simple fractions 


of Jupiter's period; these absences form 


What are Known as kirkwood’s gaps in the 
system of the asteroids 


One such 5.93 
hall 


plan ts 


gap Is flor a period ot 


years that of Jupiter but some 500 


minot have periods neat this 


value—most of them around 5.5 vears 


and comprise the Hecuba group. Dn 


Rabe has studied how this pattern would 
have changed if the mass of Jupiter were 


originally greater Tracing the asteroid 
back 
finds that both the gap and. the 
less marked, 


Jupiter 


motions into the remote past he 


Hecuba 


group were then and when 


the mass ol was 20) times its 


present value both features were unrec 


OLN ible 


On G. P. Kuiper’s theory of the origin 


of the planets (see page 350, June issue) 


Jupiter was once much more massive 


than it is today, and he calculated from 


stability and chemical 
protoplanet lost 


factor of 20 


considerations ol 
composition that the 
19 20 of its mass. Phe same 
from Dt abe’s 


ed Of the 


resulted explanation 


everal vears Trojan asteroids 
is Cs iped satellites of Jupiter 


Since an approximately uniform oriel 


asteroids is a nat 


work 


nal distribution of the 


ural assumption, Dr. Rabe’s latest 


not only accounts for the origin of the 


asteroid families, but adds support to 
Dr. Kuiper’s ideas on the formation of the 


solar system. 


A Great Solar Explosion 

An unusually striking flare on the edge 
of the sun, observed on February 10, 1956, 
at the Sacramento Peak Observatory in 
New Mexico. was described by Donald H 
Menzel, 

Motion pictures of the sun’s cast limb, 
taken 


corded a bright bubble of gas expanding 


Harvard Observatory. 


with the patrol coronagraph, re 
at the rate of about 60 miles per second 
It increased rapidly in brilliance for 5 to 
10 muinutes: simultaneous spectrogra phic 


observations with the large coronagraph 


revealed the hydrogen-alpha line to be 
broad 


flare 
uppe I 


Very 

As the 
ness, its 
markable 
about 


reached maximum bright 
underwent a_ re 
\ knot of ima 


miles in diameter 


portion 
acceleration 


terial 20.000 


speeded up from 60 to 700 miles per sec 


ond within two minutes, thus attaming 


thre vreatest outward velocity probably 


ever recorded for any prominence I he 


then rose at steady speed un 


200,000 


promine nee 
til it finally faded from view some 
\ltogether 
the energy of the explosion equaled that 


miles above the solar surface 


of 100 million hydrogen bombs 


This relief map includes the Green Bank-Arbovale valley about one inch from 


the left edge and 14 inches from the top. 


In the lower right (southeaster®) 


corner is a bit of the upper Shenandoah Valley, not far from Staunton, Va. 
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Astronomical Journal. 


Simultaneously with this thare. the sie 
nal strength of distant short-wave stations 


markedly. This 


increased absorption in the earth’s iono 


decreased Indicated an 


caused by the intense ultraviolet 


flare At the 


bursts of 


sphere, 


light from. the same time 
solar radio 


National 


Soulcle r, Colo 


strong NOD Wert 


observed by — the Bureau of 


Standards, at 


National Radio Observatory Site 
Selected in West Virginia 

New 
tional radio observatory were pre sented at 
Berkner 
niversities, [ne 
talk 


design ol the 


details of the proposal for ao ona 
the Columbus meeting by L. V. 
president of Associated l 


Among the highlights of his Were 


new mlormation on the 
radio telescopes and the announcement 


that a site has been chosen in the moun 
tains of southeastern West Virginia 

\s reported on page 199 of the March 
1956, issue, the National Science Founda 
erect a 140 


foot paraboloidal antenna, to be followed 


tion is asking for funds to 
eventually by a 600-foot instrument. Phe 
plans call for making the radio observa 
tory facilities available to all qualifier 
astronomers. 


The 


ol large 


versatility. and relative Simplicity 


steerable antennas has led to the 


adoption of this type for the project. Such 


antennas have advantages in) the inter 


pretation of data, available band width 


and the avoidance of the observational 


inherent ino other 


The 


should be as large as possible, fon 


ambiguities types oO 


instrument radius of the reflector 

resoly 
Ing power and sensitivity depend on this 

Dr. Berkner pointed out that theoret 
ically it might be possible to build a 
paraboloid up to 2,000 feet in diameter 
a limit set by the mechanical streneth of 
construction materials, but such a monster 
would be excessively costly and would be 
dithcult to use. The best compromise b 
tween cost and optimum operating chan 
acteristics appears to be a 600-Loot dish 
110-foot 


will give valuable experience and allow 


Building the instrument first 
the observatory to begin its work sooner. 


It will operate over a much wider range 
of wave lengths than existing instruments, 
extending to as short as three centimeters. 
The 
equatorial, as the former type is less costly. 


Variable 


co-ordinates can b 


mounting will be altazimuth, not 


driving in) both instrumental 


provided by an auto 
HOO0-1nch imstru 


metic Computer The 


ment will have to be an altazimuth. 
Basic specifications for the T10-foot tele 
scope are a focal length of 70 feet, surface 


tolerance +) inch, focal point position 


+!loanch: full precision in winds up to 30 
miles per hour, usable up to 15> miles per 





hour, safe to P20 miles per hour I hie 


Instrument must be able to point to the 


enure visible hemisphere of the sky, its 


antenna beam inherently rigid to LO sec 


onds of arc The slewing rate will be from 


» to 30 degrees per minute of time, the 


setting rate one deere per minute It 


must track at sidereal, planetary, or lunar 


rates with an accuracy of LO) seconds of 


re 
In selecting the site for the observatory, 


by tar the most important Consideration 


was to avoid interfering radio noise ovei 


a frequency range of about 10 to 35,000 


meeacveles. For the lower part of this 


mterval, the basic noise level is nearly 


unilorm over the whole country, because 
ol scattering i the atmosphere, but th 
some en 


VOVCTHIMCHE Is acting to secure 


til free channels on which there is no 
Transmission 


At higher 


interference trom electrical ma 


Prequencies there is serious 
manmade 
chinery and appliances. Lhe only protec 
tion is found in mountam-ringed valleys 
in thinly inhabited localities, where few 
aircratt fly over, and where the telescope 
cannot see high-voltage power lines 

In addition, it was desired to have the 
station convenrently accessible trom re 
search institutions im the bast and the 
\liddle West S00 miles 
ol Washington, D. ¢ I hie 


be southerly 


also, within about 
latitude should 
enough to permit: observa 
Milky Way galaxy 


north to 


tion of the center of the 
in Sagittarius, vet lar enough 
allow studies of auroras and polar black 
Outs 


Bank, W. Vi., 


yo matles south of Elkins, was chosen 


Phe village of Green 


about 
the 29 sites in 


favorable ol 
It isama deep flat LOOOO acre 


is the most 
\ stigated 

several ranges ol 
Here the 
level is probably lower than any 
Rocky 
excepting possibly some places in north 
ern New York and Maine, but there the 


Winters are too scvere 


valley. surrounded by 


1000-loot) mountains radio 
Hows 


where else east of the \iountains 


to operate large 
radio telescopes 

\ccording to Dr. Berkner, options have 
already been secured tor parcels of land 


in Green Bank and the adjoming village 


The approximate locations proposed for various instruments of the national 
radio Observatory are shown on this aerial photograph of the Green Bank-Arbo 
vale region, Photograph courtesy Associated Universities, Inc. 


ol Arbovale, and engineering studies are 


underway to establish the Lleasibility of 


construction om these sites. Tf funds tor 


the project are granted by Congress, the 
plans are sufficiently advanced to allow a 
on the national radio as 


prompt Start 


tronomy observatory 


Solar Prominences and Radio Noise 


\t the High Altitude Observatory, | 
Paul Wild and Harold Zirin have searched 
for correlations between solar prominence 
activity and radio noise from the sun 
They compared motion pictures of promi 
nences made at Sacramento Peak, N. AM 
md at Climax, Colo. (in the period 1919 
1955) with solar noise records at 167 meea 
cvcles Although no close connection was 
found, several eruptive prominences had 
occurred simultaneously with radio bursts 

Another problem was what type of sun 
spot tended to produce radio storms on 
passing the edge of the sun. The most ef 
fective spots, it was found, are associated 


with looped prominences having mate 


This region of the sun, containing looped prominences, passed the solar limb on 
May 2, 1950. It was associated with a large radio noise storm when it was central 
1950. This is one frame of a series of hydrogen-alpha 
pictures made with the Climax coronagraph. High Altitude Observatory photo. 


on the sun on April 27 


rial streaming downward trom the corona 


of the type illustrated below. Of Tt spots 
producing enhanced radio. noise 12 were 
} 


ot this description Phe ortgin of such 


Wild and Zirin 


must die in the ana in the 


noe, Drs pointed out 


Corona pres 
frelals 


conditions is) in 


ence of strong. ordered maegnetic 


The existence of these 


dicated by thre OCCUPPOIICE ol looped 


PPO Hees 


Formation of Stars 


Most astronomers now believe that the 


stars were formed out of the very tenu 


ras Clouds of our galaxy 


ous interstellar 
he birth of a star thus requires the con 
traction of a region of eas several parsecs 
in diameter to about a hundred-millionth 
of its size, with a corresponding increas 
in density. 
G. ( Mc Vittie, University of 


Observatory, has investigated the 


Illinets 
rrathre 
matically dithcult problem) of how such 
a gas Cloud collapses to form a star. Ee 
uses a method of attack, in this problem 
of gas dvnamics with eravitation, that is 
based on Einstein's equations of general 
problem, h 


relativity To simplify the 


considers only two forces: gas pressure 


which seeks to distend the cloud, and self 
eravitation, which tends to contract it 
The solution obtained is not 
Dr. MeVittie 
different ways in which a’sphere of gas 
at first 
can flow internally toward its center until 


UTLIG Ue 


found that there are many 


at rest but not in equilibrium 


all the gas finally comes to rest again in 


a relatively small volume, forming a body 


of comparatively high density at high 
temperature having the known properties 
of a star. 

But all the 


properties in 


different wavs have two 


common. During the col 
lapse of the cloud, gas flows inward with 
a speed that is proportional to its distance 
PeLESCcOPE 599 


July, 1956, SKY AND 





from the center, and the flow is accom 
panied by the release of energy in the 
form of radiation. It can be proved that 
no shock waves occur; these might other 
wise halt the shrinking of the mass of 
gas. Ihe time required for the collapse 
into a star is about 100 thousand to 100 
million years, depending on the initial 
density of the cloud. 

For the shrinking to begin, the tempera 
cure of the gas cloud must be very 
and Dr. McVittie that 


spots” in the interstellar medium may be 


low, 
suggests “cold 
necessary for star formation. He empha 
sizes that his solution indicates only that 


stars may form in this way, and that he 


has omitted several very important fac 
tors, such as the opacity to the outgoing 


radiation and the viscosity of the gas 


New Design for a Radio Telescope 
of Large Aperture 

Radio telescopes of the reflecting type, 
with paraboloidal receivers, have limited 
resolving power because radio waves are 
millions of times longer than light waves 
Radio to be 


scaled up correspondingly to match the 


telescope apertures have 
resolution by optical telescopes—the re 
sulting huge sizes present many obstacles, 
Yet the reflecting 
times the 


such as very high cost 


type of instrument has many 
energy-gathering ability of interferometer 
arrays 

Po meet this need for large aperture, 


John D. Kraus, of Ohio State University, 
is constructing a 


that can 


system of new 


built in 


reflector 
eventually be 
sizes. The first 
will be a flat, tiltable reflector 
scan north and south along the meridian; 


design 
tremendous component 


that can 


scanning in right ascension will be pro 
diurnal rotation of the sky 
fined curved 


vided by the 
The second part will be a 
reflector with a paraboloidal shape; this 
will be set up to the south of the first ele 
ment to receive the energy it reflects. A 
horn at the focus of the paraboloid will 


funnel the radio waves into an ultrasensi 
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“GROUND SCREEN 


tive receiver housed in a small building. 
The surfaces of the reflectors will be cov 
ered by metal screen, and the ground be 
tween them will also be surfaced with this 
material, forming an integral part of the 
system. 

The National Science 
granted $48,000 to Ohio State University 
for the construction of the center section 
will measure 


Foundation has 


of the instrument, which 
700 feet long by 75 feet high when it is 
all completed. It will be erected on a site 
provided by Ohio Weslevan University at 
Delaware, Ohio, near the Perkins Observa 
tory. The completion of the center sec 
tion, 350 feet long, is expected in about 
a vear. 

To test the new design, a scale model 
12 feet across was constructed, and it. is 
that 
CMIssion 


so. satisfactory it is being used for 


studying radio from the sun. 
Operating at a wave length near one cen 
timeter, the model has a resolving powet 
of about one quarter of a degree in right 
ascension, 

Dr. Kraus estimates that a unit of the 
same design, 2,000 feet long by 200 feet 
high, would cost about a million dollars. 
Such 


largest’ reflecting-type radio telescope in 


an instrument would be by far the 


the world. 


Ultraviolet View of the Sky 


The earth’s atmosphere is opaque to 
ultraviolet light of short wave length, so 
that 
lengths shorter than about 2900 angstroms 


were not possible before rockets ascended 


astronomical observations at) wave 


higher than the absorbing layers of the 
air, Already, the ultraviolet spectrum ot 
the sun has been photographed trom high 
altitude missiles, and it may soon be feas 
ible to observe other celestial bodies from 
rockets or artificial satellites. 

Therefore, at) Harvard 
Robert J. Davis has made a detailed pre 
appearance of the starry 


Observatory 


diction of the 
sky as it would be seen in ultraviolet light 
at 1249 angstroms, near but not coincident 


An artist’s conception (left) indicates the tremendous size 
of the Ohio State reflecting-type radio telescope. The 12- 
foot model is shown above, on the roof of a campus build- 
ing, where it is used by Robert Nash, a graduate student, 


for solar and lunar observations at 1.2 centimeters. 


. theakete 


with the Lyman-alpha spectrum line of 
hydrogen. For his extensive calculations 
of the ultraviolet brightnesses of stars, he 
defined the magnitude scale so the ultra 
violet and visual magnitudes would be the 
same for 10-type stars. 

The appearance of the constellations is 
drastically altered in ultraviolet light, be 
ing dominated by hot blue stars, while 
cooler stars, even those very bright to the 
eye, lapse into inconspicuousness. In all, 
there are 218 objects brighter than ultra 
violet magnitude +2.0, of which 84 per 
cent are B stars. Only a single star—the 
sun—has a spectrum later than 41 among 
these 218. 

The brightest object in the sky at 1249 
angstroms is the sun, with an ultraviolet 
magnitude ol 13:2 — 26.7 
visually). Second and third are the south 
ern Wollt-Ravet Zeta Puppis and 
Velorum, at —3.0. Next 
Zeta Orionis (—2!5), 
2.5). There are no tewer 


(instead ol 


stars 
Gamma come 
Spica (—2.7), 
Alpha Crucis (- 
than 23 objects” brighter in 
than —1.0, 
some planets, the moon, and the sun ex 
ceed this value. But in) Mr. Davis’ sky 
the moon would be very inconspicuous, 


and 


ultraviolet 


while visually only Sirius, 


of the Sth magnitude, because of its low 
reflectivity in the ultraviolet. 

Interstellar dust is much more ettective 
light) from 


in dimming the ultraviolet 


stars than it is at) visual wave lengths. 
Therefore, the number of stars brighter 
than a given magnitude increases much 
more slowly with magnitude in the ultra 
violet than in the visual and photographic 
regions of the spectrum. This interstellar 
absorption produces some uncertainty in 
the calculated magnitudes; apart from this 
factor, Mr. Davis believes them accurate 
to half a magnitude either way. His com 
putations were based on the simple as 
sumption that the stars radiate as black 
bodies, vet) more accurate calculations 
that took into account detailed properties 
of stellar atmospheres gave nearly the 


same ultraviolet magnitudes. 





A Master of Stellar Spectra 


Hartow SHAPLEY, Harvard College Observatory 


Hk PASSING of Walter Svdney 
Adams at the age of 80 on May Tlth 
has taken from ous an American as 
tronomer of the rank 
rector of Mount Wilson Observatory trom 
1923 to 1946 Hlis 


and he 


first who was di 


influence was world 


wide, was a leader in organising 
Astronomical Union, 


World 


the International 


serving as vice-president during 
War Il 
Born in) Syria of 


TUISSIONALY pare Hits, 


Adams came to this country to study at 
Dartmouth and the University of Chicago 
It was in 1904, when an assistant at the 
Yerkes Observatory, that he 
by George Ellery Hale to join the staff of 
Mount Wilson Ob 


servatory, then growing into a world cen 


was invited 


the newly established 
ter of astrophysics 


Mount 
Phere were 


Wilson 


struge le s with 


The early davs at were 


not all roses 


transportation, temperature, rattlesnakes 
recalcitrant telescopes and mutes, and the 
usual opposition that men and nature of 


No one 


better suited to assist Hale in his epochal 


fer to pioneers could have been 
endeavors than his voung assistant, W.S 
with F. | 

Yerkes 


tenacity 


klerman and 
Adams had 
eflorts 


Adams, who came 
Gs. W. Ritchie 
that skill 


re quire 


from 


and grim such 
He grew up with the instrumen 
tation that has made more astronomical 
history than any other star-bound opera 


Galileo. His own account of 


tlon since 


these early days was published in 1947 in 


On the outside gallery of the 100-inch 

telescope at Mount Wilson’ Observa- 

tory, Dr. Adams is seen with Albert 

Einstein (left) during the latter's first 
visit there, in 1932. 


the Publications of the Astronomical So 


ciety of the Pacifie 


Adams was a builder and a manager, 


but primarily an observer. Probably tew 


men have devoted more hours at the eve 


piece of a spectrum measuring engine 


than he, and tor this devotion the stars 


owe him much. His catalogues of high 
quality radial velocities will stand as a 


Adams 


stars 


quiet: monument, for measured 


extensively the ordinary whose 


Characteristics are needed aZallst which 
to judge the more exciting exotics 

Although he was catalogue-minded, 
many spectroscopic highlights are his, fon 
example, the difhcult analysis of the spec 
trum of Sirius B, the most famous white 
dwarf. We probably have not had the last 
word on the red shift in the spectrum of 
that faint. exceedingly dense star, but 
\dams found that, in addition to its o1 
bital motion, there is a line shift Consistent 
with what we would expect from relativity 
theory 


The work of Adams, Hale, C. | 


St. John, and their colleagues, on the in 


with 


tricacies of the solar spectrum is historic 
The rotation, eruptions, and other mani 
festations of that turbulent stellar surface 
increasing = instru 
planetary 


with 
mental power. His 
atmospheres with TP. Dunham, Jr., 
worthy, as is also his investigation of the 


were analyzed 
study. ol 


is note 


contents of interstellar space, revealed by 
anomalies in the spectra of early-type stars 
We were accustomed to the idea of inter 
calcium, and later of interstellat 
Adams and. his 


further, and the 


stellar 
sodium. But co-workers 


went much demonstra 


tion of interstellar heavy atoms such as 


iron has influenced the trend of cos 


mogony. The contents of “empty space” 


have become as taportant as stars and 
visible nebulosity. 

The name of W. S. Adams will always 
be associated) with spectroscopic paral 
laxes. He was the pioneer. He can rightly 
be called the father of that tremendously 
important extension of the Draper sys 
tem of stellar 
when Adams first published on this sub 


ject in 1916, the criteria of absolute mag 


classifying spectra. But 


nitude were not considered to require a 
second dimension in spectral classification. 
Phat concept was developed much later 
by W. W. Morgan and others. Forty years 
ago, however, it was nothing less than sen 
sational to find that one could look at the 
dark lines of strontium in the spectrum of 
a distant (for which the apparent 
magnitude had been measured) and an 
nounce its distance. Certainly the concept 
ol spectroscopic parallax was one of the 


star 


Walter 8S. Adams (1876-1955). 


Mount 
kee nh CVE 


major early Contributions trom 
Wilson Observatory. It took a 
and a keen mind to open that field 
Modesty Walter 
\dams. He to excel in evervthing 
he undertook—in 


was instinctive with 
SLTOVE 
endurance at the busi 
ness end of a te lescope, in quality of spec 
trum plates in hiking speed up the moun 
Madre, in 


and he did excel 


trail from) Sierra tennis 
voll, billiards, bridge 
But | 


his excellence 


tain 


never heard him call attention to 
I remember compliment 
ing him once on his designing the series 
of powerful and tricky spectrographs that 
Wilson 


and solar work. “It is a verv low 


were used in the Mount stellar 
form olf 


cunning,” he replied 


The Mount Wilson astronomer’s clas- 
sic announcement of a_ spectroscopic 
method for measuring star distances 
appeared in the March, 1916, “Pro- 
ceedings” of the National Academy of 
Sciences. The first page of the paper 
is reproduced above. 
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Sponsored by the 


Teachers’ Committee of the 


1 TEACHING UNIT IN ASTRONOMY 


N elementary schools, astronomy is be 


ginning to attract more and more at 
tention as a specific area in science Courses. 


This 


the man-made 


interest will continue to mount as 
satellite becomes a reality, 
and as the age of space travel approaches. 
However, the average teacher of elemen 
science is not well 


tary prepared for 


teaching a unit: in astronomy; conse 
quently, he wants definite information on 
what to do and how to do it. 


To help fill this need, I have nearly 


completed preparation of a book, “Teach 


ing a Unit in Astronomy, Grades | to 9.” 
Based on the material in this book, I out 
line here a guide for the teacher of a 6th 
vrade class. As this is an intermediate 
level, suitable modifications should readily 
sugeest themselves to teachers of higher 
and lower grades 


I his 


Purpose s 


month's installment covers the 


content, and activities for such 
a course; the second part: (in September) 
will deal with materials, books, and teach 


ing aids 


(GENERAL 
| Lo aid the 
mcepts of astronomy 
2. 10 


over astronomical facts for himself 


OBJECTIVES 
student in forming basic 


encourage the student to) dis 


. Lo stimulate pupils to become more 
»bservant of then 
| lo help the 


irth’s place in the universe. 


starry environment 


student visualize the 
» Lo help combat astronomical super 


Stitions 


Facrs AND CONCEPTS 
The Moon 
l I he 
neighbor 
2. We see 


».  odD he 


diameter of the 


moon is. the earth's nearest 
it by reflected sunlight 
moon has about one fourth the 
earth: it is 2,160 miles 
through it from one side to the other 


1. The 


axis and makes one 


moon turns (rotates) on. its 


journey (revolution) 
o”7 


around the earth in about 27 days 
>. The 


from one 


period of the moon's phases 
full 


this gives us the 


(time moon to the next) 


is about 29) days: basis 


flor the month in our calendars 
6. The 


toward the 


moon always keeps the same 
lace earth 


7. Davtime on the moon lasts about 
two weeks and nighttime is also about 14 
days long 

Ss I he 


the sky from night to night; its apparent 


moon changes its position in 


shape ol phase changes also 

9. Many people still believe in false 
ideas (superstitions) of the effect of the 
moon on the earth 

10. Even with modern equipment, we 
unable to detect water or au 


have been 


upon the moon 
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{merican 


{stronomical Society 


Grade 6 


ll. The minutes later 


each night, on the average. 


moon rises 50 
12. Most of the moon’s visible surface 
is very rough, with many mountains and 
thousands of craters, some a hundred miles 
across 
13. The dark regions seen on the full 
called 


cause the first observers thought they were 


moon are level areas “seas” be 


Ocealls. 
14. The 


by volcanoes or by meteorites hitting the 


craters were probably made 


moon 
15. The 
earth are 


tides in the oceans of the 
an effect of the gravitational 
pulls of the moon and the sun, chiefly 
that of the moon 

16. The moon plays a part in’ both 
an eclipse of the 


earth's 


kinds of eclipses In 


moon it passes through the 


shadow: ino an eclipse of the sun, the 


moon passes in front of the sun and 


hides it from VIEW 


The Sun 
| [he 


and millions of times brighter than 


our 


sun is a star, but it: appears 
large, 
the other stars, because it is so close to us 
compared with them 


earth is 93,000,000 miles. 


3. The sun gives off light and heat in 


Y. The sun’s average distance trom the 


tremendous quantities 
| All life on the 


the sun 


earth depends on 


>. Green plants use sunlight as energy 
in making food and fuel 

6. Sunspots are great “storms” on the 
sun 

7. When sunspots are most numerous, 
radio transmission on the earth and the 


field 
Sunspots are 


earth's magnetic suffer great dis 


turbances. associated with 
the cause of the northern lights 
8. Like Milky 


Way system of stars, the sun is very large: 


most other stars in the 


it is big enough to hold over a million 
earths 

9. The sun is made of very hot gases: 
its surface temperature is about 11,000 
Fahrenheit 

10. The spectroscope shows the sun to 
be composed of substances we know here 
on the earth 


The Solar 

1. The nine planets in order trom the 
sun are Mercury, Venus, Earth, Mars, 
Jupiter, Saturn, Uranus, Neptune, and 
Pluto. A “word” to help remember them 
is M-VEM ] SUN-(Pluto). 

2. Each’ planet 
sun in an orbit that is roughly circular: 


System 


revolves around the 
those nearest the sun move fastest. 

takes only 
around the the earth 
und Jupiter, 12 years. 


88 days to go 
takes a 


5 Mercury 


sun; vear: 


1. Many 
lites); Jupiter has 12. 
>. Jupiter is the largest planet, Saturn 


planets have moons (satel 


is the planet with rings, and Mercury is 
the smallest planet. 

6. ‘There is life on the 
Phe only other planets that might 


earth, as we 
know. 
have some torm of life appear to be Mars 
and possibly Venus. 

7. Comets and meteors are members 
of the solar system, too. 
really meteors 
that fall 


the earth’s air and get very hot as 


8. “Shooting stars” are 


small pieces of material Inte 
they 
come down through it. 


The Constellations 
1. A constellation is an imaginary fig 
ure or picture formed by a group of stars 
The Big Dipper is an example, although 
it is part of a larger constellation called 
Ursa Major, the Great Bear. 
2. Most of the 


named long ago after heroes and animals 


constellations were 
these star groups are the subjects of leg 
ends made up by early man. 

3. The constellations that are above the 
horizon at night change with the seasons 

1. The constellations furnish astroneo 
mers with convenient divisions of areas in 
the sky, somewhat like states in the United 
States 

>. There are 8&8 


whole sky. 


constellations in the 


6. Some of the principal constellations 
are Bootes, Cassiopeia, Cygnus, Draco 
Leo. Lyra, Orion, Scor 


Major 


Gemini, Hercules 


pilus, Taurus, Ursa and Ursa 


Minor. 
ACTIVITIES AND EXPERIENCES 
1, Visit a planetarium, an observatory 
or the home observatory o1 workshop ol 
an amateur astronomel 


2. Organize an 


astronomy Lroup or 
club 

3. Decorate the windows to make con 
stellations by pasting gummed stars on 
them. 

1. Collect: pictures and articles on as 


| ook cs 


pecially for articles on the proposed arti 


tronomy for the bulletin board. 


ficial satellite and on radio astronomy. 


» Observe the moon each night to 


full 


phase note that the moon rises later each 


see its changing phases; near the 


night. 

6. A few days after new moon phase, 
look at the crescent moon in the western 
sky soon after sundown. Note that the 
rest of the moon (not the crescent) 1s dim 
lv seen by earthshine. It is called earth 
shine because it is sunlight that is re 
flected from the earth to the moon and 
then back to the earth. 

7. Make a collection of superstitions 
about the moon. 

8. Demonstrate why the moon always 


This 


done by having a pupil walk 


keeps its same face toward the earth. 
may be 
around another pupil while continually 
facing him. When he gets around, he will 
have rotated once and revolved once. 

9. Demonstrate the use of a prism to 





colors ol the SUITS 
Hold the 
sunlight and turn it until the 
wall of the 
used to help remember the order of the 
colors is ROY-G-BIV. 

10. Make 
ets. Use library references 

Il. Make a sketch of the 
Show the 
planet in order in its orbit 


show the spectrum 


(rainbow colors prism in the 
colors Are 
“word 


seen on the room. A 


a study of the various plan 
solar system 
sun in the center and then each 
(An excel 
lent student might make a drawing to 
scale with the help of the teacher.) 
with a 


12. Observe the moon pair of 


binoculars or a small telescope Observe 
Jupiter in the same manner; some of the 
four bright moons of this planet may be 
seen near it. 


13. With ball, and 


show how eclipses are caused 


a globe, a a light, 

14. Report on the great meteor crater 
in Arizona. Use library references 
15. Learn a number of star legends 
16. Locate a number of constellations 
by the use of star maps. 

17 Make a star 
Glue the 
or one of similar size, after cutting off the 
Make a small hole in the 
Make constel 


lations by punching holes through sheets 


box to show the con 


stellations lid on a shoe box. 


end of the box 


other end to peep through 


of paper cut to the size of the end of the 
Hold the 
the open end and look at it through the 


box constellation chart) over 
peephole, facing the window or an arti 
ficial light 


SMITH 


Tex. 


J. RUSSELI 


Fagle Pass, 





THE CAMPUS 


Vehicles” is the 


VEHICLES ON 
Satellite 


two-week 


SPACE 
“Orbital and 

tithe of a 

fered at the 


intensive course ol 


summer session of Massachu 
Pechnology. Six hours 
from Au 


gust 6th to 17th, will deal with topics such 


Institute of 


setts 


of lectures and seminars daily, 


as the astronomical background of space 
rocket 
possibilities in 


travel, design and performance, 


new propulsion, instru 
mentation of unmanned vehicles. and the 
physiological: problems of man in. space. 
the course is S200 
to the Othce of 


Session, Room 7-103, M. [1 
Nass 


Tuition for Inquiries 


should be sent the Sum 


mel Cam 


bridge 39, 
VO KAITAKI 
“Cultivation of the Universe.” 


he Ok 


form of translations into Japanese of arti 


UTYt 
\icaning 


this is the tithe of a collection. in 


cles from Sky and Telescope. Its 23 chap 


ters are a selection from the volumes of 
1950 to 1954, including 12 articles by Di 
Messier chart that 
was published in’ March, 1954. 

The 
trated collection is Shigetsuguo Fujinami, 


The 


Otto Struve and the 


editor of this handsomely illus 
of the Kvoto University Observatory. 
volume is priced at 290 ven. 

Sky and Telescope has 


distribution to 


a few copies 


available for free sub 


scribers who read Japanese 


Amateur Astronomers 


WESTERN AMATEUR 


Hk FIGHT H annual convention of 

the Western 
will be held in 
Wednesday 
“9th to September Ist. Phe 
WAA 


last dav the Association of 


Amateur Astronomers 
Flaestath, 
Saturday, 


first 


\ris from 


through \ueust 
three 
days will be devoted to ACLIVITICS, 
and on the 
Lunar and Planetary Observers will have 
an informal meeting that will be open to 
convention 
Lowell Ob 
Mars 


over 60) vears, 


evervone in attendance at the 
Flagstatl, 


SCTVAaLOrY, 


noted for the 
where observations of 


have been carried on for 
astronomical a 
new 40-inch 
S. Naval Ob 


servatory, to which a field trip is sched 


is a growing center of 


tIVItY It is the site of the 


reflector station of the 


uled for the convention. A trip will also 


be made to nearby Barringer meteor 
crater 


The 


convention 


main Observing interest at the 
Mars, 
approach to the earth will occur about a 
week after the 


There 


will be whose nearest 


close of the meetings 
will be two. star 


State 


parties, one at 


\rizona Peachers College and the 


other at) Lowell Observatory, where 
everyone attending will have a rare op 
Mars through its 


portunity to observe 


large instruments 

Among the speakers at the convention 
will be Dr. Otto Struve, 
Observatory 


director ol 
this vear's 
Blan 


Leuschnet and 


recipient: of the G. Brace medal: 








ASTRONOMERS TO MEEI 


IN FLAGSTAFI 


Wilson, director of Lowell 
Clyde W 


observer ol 


It Albert G 


Observatory: and Lombaugh 


veteran amateur Mars and 


planet Pluto 
held in’ the 


discoverer of the 
Flag 


Tan 


The sessions will be 


staff high school Phere will be 


yapers by outstanding amateur astrono 
pe] S 


mers, dealing with observing, telescope 
making, and general astronomical topics 
All interested 


are invited to bring instruments and dis 


persons may attend, and 


play material for exhibition 
I. A. Crage. 246 West Beech Ave 


wood, Calif., can supply further informa 


purposes 
Inel 
tion about exhibits and the convention 
program 

According to the Eastbay Astronomical 
Vonthly Bulletin, San 


area amateurs interested in traveling to 


Society Francisco 


the Flagstath meeting in a chartered Gxrey 
contact Hl. M 
San Francisco 3 


Cochran, 
Calit.. for 


hound bus may 
50 Albion St 


further information 


NORTHWEST CONVENTION 
The Northwest Astro 
will hold its annual con 


Reeion of the 
nomical League 
vention in Yakima, Wash., Sept. 1-3. The 
host Yakima Amateur As 
tronomers, which hopes to have both its 
123- and 


mounted for display and observing 


society is) the 
16-inch 


tele scopes complete ly 


Phe plans call for a star party at a 





At Lowell Observatory, a cylindrical dome houses the famous 24-inch refractor, 

with which western amateurs will have an opportunity to view Mars during the 

August convention. Excellent optical qualities and an unusually favorable site, 

7,250 feet above sea level in the great pine belt of Arizona, make this a very 
effective telescope for planetary work. 
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high altitude, and a convention banquet, 


in addition to the usual sessions for 


papers. The registration fee of $1.00 may 
be sent in advance to the society at 324 


W. Yakima Ave., Yakima, Wash 


mation about hotels and other 


Infor 
accommo 
dations will be provided to anyone intet 


ested on requ st 


ORLANDO, FLA. 

November, 1954, the 
Club of Orlando 
presently has 16 active members and one 
He is Dr. Laban Lacy 
who recently published a manual 


Organized in 
Amateur Astronomy 
honorary member. 
Rice 
for amateurs, and has written other books. 
\bout 


meetings 


15 visitors also attend each of our 


Our members own 12 telescopes, eight 
and 
refractors. We 


of them from 4- to 8-inch reflectors 


the others 2- to 5-inch 


meet on the second Thursday of each 
month at the Edgewater High School. We 
would from 


appreciate correspondence 


other clubs 
i. A; TALE) 
135 Jersev Ave 
Orlando, Fla 


LETTER TO THE EDITOR 

Sir: 
My husband and I would like 
if amateur astronomy is the 


to know 
noisiest hobby 
in the world, outside of drag racing. Liv 
the Santa Clara Valley, 
we have always associated astronomy with 
the quiet dignity of Lick Observatory on 
top of Mt That is, before the 
people next door took it up 


ing as we do in 


Hamilton 


The ‘noises from do-it-vourself neigh 


bors are considered quite normal here and 
those hours known. as 


occupy. most. of 


“waking.” So we were not quite aware 
what was going on when a big silver dome, 
jiggling like a drunkard’s hat, appeared 
above our fence. It was being jockeyed 
into position on what we had fondly re 
garded as the beginning of a child's play 
house. 

nights later, o1 


Five rather mornings, 


we had our answer in the screech of tor 
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MACON, GEORGIA 


With the help of our local newspaper, 
which ran an article on the editorial page, 
we held our first meeting on the last Fri 
The Macon 


now has 22 


day night of November. 


Amateur Astronomers Club 
active members. 

Among the telescopes used by our 
members is a 2.4-inch equatorial refractor 
We meet every other 
We 
arranged to give weekly talks and tele 
demonstrations for the 


owned by the club. 

Thursday night at my home. have 

scope six-week 
boy scout camp this summer. 

GRADY WOOD 

Rt. 1, Riverside Drive 

Macon, Ga 


BALTIMORE, MD. 


The Baltimore 
originally 


Astronomical Society, 


founded in 1881, joined the 
Maryland Academy of Sciences as its astro 
nomical section in 1900, but its meetings 
were discontinued during World War II. 
\ta April 10th 


the group was reactivated. 


meeting on this vear, 
Some 62 amateurs joined the society, 


a constitution was adopted. and the fol 


tured metal and a reverberating crash. 


which tossed us from our beds! But this 
was just the beginning. 

\t regular intervals our nights have 
been jolted with rumblings and squeal 
ings from a poorly adjusted dome, and 
with loud exclamations which we inter 
preted as the mating call or fraternal 
password of a species new to us: 

“Hey, bands! Look at four 
bands!” or “M13, heck! It doesn’t look 
much like the picture in Sky and Tele 


No, 


four this, 


scope! or 


“Copernicus? that’s ‘Ty 


cho.” 
that we've: found it. is 


name of science we've 


However, 
all in the 


now 
decided 
Besides, we're invited 
three o'clock tomorrow) morn 
ing to look at Saturn, which is the 
with the ring, we think. 

MRS. MYRTLE 


to put up with it. 
over at 


one 


MURGATROYD 
San Jose, Calif. 


“Our neighbors are 
making minor adjust- 
ments on their dome.” 

—Mrs. Murgatroyd. 


\ 


(This photograph by 
Thomas Nelson, Jr., and 
the accompanying letter 
have been transmitted 
by anonymous members 
of the San Jose Ama- 
teur Astronomers.) 


epee? 


lowing officers were elected for one-year 
terms: Paul G. Crout, president; Paul S. 
Watson, vice-president; and Mrs. Gloria 
Stolberg, secretary-treasurer. 

Meetings will be held on the thizd Mon 
day of each month at 8 p.m. in the audi 
torium of the Enoch Pratt Library, Frank 
lin and Cathedral Sts... Baltimore, Md. 
\li interested persons in the Baltimore 
area are invited to attend. 


SCOUTS’ ASTRONOMY MONTH 
The Boy 


have designated 
astronomy theme 
meeting of planetarium directors at the 
Planetarium 


and Cub Scouts of America 


January, 1957, as an 
month. At a recent 
American Museum-Hayden 
in New York City, material was prepared 
which the national Boy Scout head 
quarters will disseminate to all local scout 
groups. 

This material 
and simplified list of 1957 celestial events: 


included) a condensed 


suggested projects and experiments for 


individual and work; proposed 


reading matter for all age groups; sources 
filmstrips: 


group 


for photographs, films, and 
and reference material on artificial satel 
lites. 

Scout troops will be encouraged to con 
tact amateur astronomy societies, plane 
tariums, and observatories in their respec 
tive areas for further assistance. 


STELLAFANE PROGRAM 


Preceding this vear’s meeting of tele 
two opt 


scope makers at Springhie Id, Vt., 
cal plants in New England will open thei 


American 
Friday, 


facilities for 
Optical Co., Keene, N. H.. on 
August 10th, from 1:00 to 4:00 sp.m., and 
the Optical Comparator Division of the 
Machine Co., in 
August) Ith. 


Inspection: the 


Jones and Lamson 
Springfield, on Saturday, 
from 9:00 a.m. to noon. 
Later that day, at Stellafane 
particular interest’ to amateurs will bx 
talks and discussions on radio astronomy 
artificial satellite. Dr. Robert 
Rensselaer Polytechnic Insti 


describe the 


itself, of 


and the 
Fleischer, 
tute, will 
mounting of 10-foot radio telescope an 


construction and 


tennas. In the evening, beginning at 7 
o'clock, there will be talks by Dr. J. \ 
Hynek, Ohio State University; Dr. James 
G. Baker, Spica, Inc.; and Dr. Gerald 
Hawkins, Harvard Observatory. 

During the evening's observing, instru 
ments brought by amateurs will be judged 

The 
sent in ad 
vance to James W. ¢ VIM 's of 
Boston, Harvard College Observatory, 
Cambridge 38, Mass. The Boston group 
and the Springfield Telescope Makers are 
cosponsors of the meeting. 

As in past years, the meeting is at Breezy 
Hill, three miles from Springfield, Vt. 
Hotel and room reservations may be made 
through Mr. Merrvfield, Hartness House, 
Springfield. Overnight camping space is 
also available. 


for quality and performance. regis 


tration fee of $2.00 may be 





i BOOKS AND THE SKY 


THE SUN AND ITS INFLUENCE 
M. A. Ellison. The Macmillan Company, 
New York, 1955. 235 pages. $4.50. 


I IS not often 


book is published at a time when both 


that an astronomical 


cosmic events and the affairs of man con- 
spire to show the need of the new volume. 
Such, the back- 
ground against which this book has ap 


however, 1s auspicious 


peared. 
The 
mum in the solar cycle and the expand 


current rapid rise toward maxi 
ing plans for solar observations during 
the International Geophysical Year point 
to the need for a sound and comprehen 
sive summary of solar phenomena and the 
terrestrial effects attributed to them. Dr. 
Fllison’s new book provides exactly this 
information, and large sections carry the 
authority of direct experience, for Dr. 
Ellison has been observing the sun for 
many vears. He is the principal scientifi 
the kdin- 
burgh, and serves in an active Capacity on 


othcer of Roval Observatory, 


the solar commissions of the International 
Astronomical Union. 

The author expresses the hope that the 
treatment of the subject is “neither too 
advanced for those with a knowledge of 
elementary physics, nor too simple to be 
with workers in’ other 


read profit. by 


sciences.” In this dual goal he has emi 


| NEARING COMPLETION 


ASTRONOMY 
by R. A. 


AND THE BIBLE 


Wright 


A mimeographed brochure on heavy 
paper, printed on one only, and 
punched for a_ 3-hole About 
200 pages. $5.00 


Because this booklet was compiled at the 
request of the world offices of the Seventh-Day 
Adventist Church, several premises hinge upon 
the particular beliefs of that church. Although 
primarily for church pastors many others are 
finding this booklet a help. Amateur and pro 
mal astronomers, who are called upon t 
speak to church groups, say it is invaluable 
for working some Biblical references into their 


talks. Note the 


side 
binder. 


ftessl 


section headings 
Astron 
Astrology. 


1, Quotations by mers 


Astronomers and 
Astronomical Data 
Bible Verses on Astronomy and Science 
(Given in eight Bible translations with 
suitable comments by the author.) 

Slides on Astronomy 
made for ministers by 
Most are familiar 


Comments on 8&0 
(These slides are 
a religious company 
objects 

6. Related Poems 


Questions and Answers. 


s sermonettes. 


We can fill orders now, and later forward 
the remaining small additions to purchasers as 
soon as ready. A question-answering service is 
also included. Although this is astronomy for 
ministers, astronomers purchasing it may find 
some Biblical questions they would like an 
swered as they pertain to the beliefs of the 
Seventh-Day Adventist Church 

Watch our ads. New services are now in 
process that you will want as soon as they are 
finished. Charts, slides, and book circulars are 
ivailable now. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 10, Mass., U.S.A. 
Phone Worcester PL-5-6992 


not 
vet familiar there 
is the introductory subject matter of the 
first chapter, “The Sun and Its Radia- 
ign. 


the reader 


astronomy, 


nently succeeded. For 


with solar 


Also, throughout the entire volume 
there is a continuing consideration of the 
reader’s possible need for specific defini 
tion and explanation of terms and con 
The lucid style in which the book is 

further the 
reader in understanding complex solar 


cepts. 
written ASSIStS nontechnical 
phenomena. 

For the specialist as well as for the 
reader, Chapters I] to V 
aluable summaries of the various aspects 
the 
earth’s ionosphere and its variations, and 


general gIVE 
\ 


of solar activity, a description. of 
a presentation of the manifold ways in 


flares affect the earth. Much 
of this material has hitherto been avail 


which solar 


able only in specialized texts or in re 
The author 
clarity, and with authority 
that 
with solar phenomena. In his own words, 
“The factual; for, in 
solar-terrestrial relations, as in- other 
branches of astronomy, speculation tends 


writes with 
humility 
from long, direct experience 


search articles. 
and 
come 


account is mainly 


to outdistance verifiable knowledge.” 
Each of the remaining four chapters 
deals with a special aspect of solar-terres 
trial relations: the earth’s magnetism, the 
aurora, radio radiation from the sun, and 
cosmic ravs. For each of these subjects, a 
survey of the most recent information fol 
br ief 
Throughout the book, photographs and 
well-designed line drawings assist in the 


lows a historical introduction. 


presentation of ideas and observations. In 
the interest of brevity, the author has at 
times omitted supporting details or dis- 
cussion that might have amplified or clari 
This difficulty is par 
tially mitigated by the carefully prepared 


fied the subject. 


bibliography that is given for each chap- 
OF. 

I believe that Dr. Ellison, in his discus- 
sion of “flare surges” on page 116 and in 
his use of the limb flare of May 8, 1951 
(Plate VII), to illustrate this phenomenon, 
has probably misinterpreted the reviewer's 
study of the great solar event that took 
place on that date. It is entirely true, as 
the author states, that surge-type promi- 
nences frequently accompany flares, and 
the flare of May 8, 1951, was no excep 
tion. In this case, the surge or ejection 
rose to a height of at least 200,000 kilo- 
meters with a velocity of the order of 500 
kilometers per However, this 
surge is not visible in the spectrohelio- 
grams reproduced in Plate VII. Because 
of large Doppler shifts, the surge was 
even fainter through the narrow slits with 
which the spectroheliograms were made 


second. 


than was the quiescent prominence faintly 
visible in Plate VII to the left of the 
bright flare. 

Although most flares are relatively low- 
level features, there is growing evidence 





Complete Your 
Astronomy Library 


THE HISTORY OF THE 
TELESCOPE 


by Henry C. King 


The first book to tell the complete 
story of the evolution of the telescope 
from early, crude instruments to the 
giants of today recommended to 
each telescope user or maker, and to 
everyone interested in how the uni- 
verse is explored. 456 pages: 103 
halftones, 4] drawings both old and 
new, plus 52 diagrams. Extensive list 
of references with each chapter. 
$12.50 


Fastern Hemisphere Publishers 


Chas. Grifin, London 


Other Sky Publications 


MAKING YOUR OWN TELESCOPE. by Allyn 
J. Thompson. How to construct a low 
cost 6-inch telescope $4.00 

VISTAS IN ASTRONOMY. Volume I. Edited 
by Arthur Beer. First of two volumes on 
contemporary astronomy $28.00 

SKY SETS | AND Il. Two different collec 
tions, 24 large pictures in each set. Solar 
system, Milky Way, and galaxies 

Each set, $4.00 


18 pictures showing the entire 
$3.00 a set 


36-page picture 


MOON SETS. 
visible face of the moon 


SPLENDORS OF THE SKY. 
booklet of our neighbors, near and dis 
tant, in the universe 75¢ 


ATLAS OF THE HEAVENS, from the Skal 
nate Pleso Observatory. 16 large charts 
covering both hemispheres to stellar mag 
nitude 7.75. With new transparent co 
ordinate grid overlay. $6.75 


INSIGHT INTO ASTRONOMY, by Leo Mat 
tersdorf A_ practical and informative 
introduction to astronomy $3.50 

LICK OBSERVATORY 120-INCH ALBUM, 
by J. F. Chappell and W. W. Baustian 

60c; 2 for $1.00 


HOW TO BUILD A QUARTZ MONO- 


CHROMATOR for Observing Prominences 
on the Sun, by Richard B. Dunn 50c 


THE STORY OF COSMIC RAYS, by Dr 
W. F. G. Swann, Bartol Research Founda- 
tion 75¢ 

RELATIVITY AND ITS ASTRONOMICAL 
IMPLICATIONS, by Dr. Philipp Frank. 75¢ 


Sent postpaid. Include check or money order. 


SKY PUBLISHING CORPORATION 


Harvard Observatory, Cambridge 38, Mass 
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De Luxe Model ‘‘C’’, 10-inch portable ASTROLA 


h, 3 ulars $ 295.00 
h, 3 ocul. 375.00 
1150.00 


$60.00 


MODEL 


STANDARD ASTROLA MODELS 
_ 
MODEL “B” 

sae 


MODEL 


change with 
escope four t 

wee 
MODEL *'B”’, 


rcle rotating tube 


h De Luxe ASTROLA, with clock drive 
3 fine ocular $575.00 


RICHEST FIELD TELESCOPE, ch, 24” al length, 26” 
1 28-mm. ocular eighs abou pounds. Wide 
$125.00 


yr optics 


Focusers. spide s, cells, finders tubes, MOUNTINGS, 


and othe) parts sold separately Woete for price list. 


ASTROLA 


Reflecting Telescopes 


AMERICAN MADE 


Here is the new Model ‘‘C’’, 10-inch De Luxe portable 
ASTROLA telescope——a splendid instrument guaranteed to give 
you excellent performance 


This £6 model has a rotating tube, clock drive, setting circles, 
and four of the finest orthoscopic oculars, giving powers of 52x, 
90x, 220x, and 390x. The tube is of tough and strong fiberglass 
Model ‘‘C’’ comes equipped with rack-and-pinion focuser, 8x 
finder, and polar-axis adjustment. The telescope weighs about | 3( 
pounds, and it may be dismounted or assembled in about three 
minutes. The optics are good to 's wave length and guaranteed 
to resolve doubles to Dawes’ limit on good-seeing nights 


DE LUXE MODEL ‘'C’’, 10-inch Complete $725.00 f.o.b 





READY FOR THE MARS OPPOSITION? 


Observations of Mars will soon be in order. If you are not 
satisfied with the performance of your mirror, we can offer you one 


of our finely corrected mirrors or refigure your present one 


FINISHED PYREX MIRRORS with diagonals of pyrex, alumi 


nized and quartz overcoated 


4” with diagonal 1.050 minor axis $ 42.00 
6” 300 - 60.00 
8” is 550 ‘s 92.50 
is 160.00 

250.00 

575.00 


REFIGURING mirrors, quartz coating, no grinding 
$24.00 6” $35.00 8” $60.00 
Ol $85.00 1212” $135.00 


Prices for larger mirrors on request 


ELLIPTICAL PYREX DIAGONALS, good to '8 wave length, 


not aluminized or coated 


O50 minor axis $ 4.50 
1.300 ? 6.50 
1350 9.50 
1.780 “4 11.50 


Aluminizing, $1.50 additional 


2.141 minor axis $15.75 
610 io 19.50 
3.000 30.00 


Aluminizing, $2.50 additional 


5 





CAVE OPTICAL COMPANY 


4137 E. Anaheim, Long Beach 4, Calif. 
Phone: HEmlock 4-2613 





106 Sky AND Terescopr, July, 1956 





that a small number of them may be 
elevated phenomena. The flare of May 
8, 1951, is considered to be such a case. 
During the sudden ionospheric disturb 
ance that began at 15:06 U'T on that date, 
the bright elevated phenomenon shown 
in Plate VII was the only visible hydro 
gen-alpha solar feature with the flarelike 
characteristics of sudden change and great 
Photometric 


that it was as bright in hydrogen light as 


brightness. measures show 
are the brightest flares observed on the 
solar disk. The reviewer realizes that this 
was an unusual flare, perhaps so much so 
that Dr. Ellison could hardly believe it. 
One of the great merits of Dr. Ellison's 
book is the way in which he makes the 
realize that 


active and 


research today 
field of 
investigation. “The problems are of intrin 


reader solar 


is a very rewarding 
sic Concern and worthy of one’s highest 
endeavor. Many of them have implica 
tions beyond their immediate statement 
Practically all of them are unsolved. It is 
the reviewer's belief that The Sun and Its 
Influence may well be the touchstone by 
which potential astronomers and physicists 
in our college classrooms become aware ol 
importance of 


the rapidly developing 


solar research and the challenge 


that it presents. 


accept 


HELEN W. DODSON 
McMath-Hulbert Observatory 
University of Michigan 


A POPULAR GUIDE 
TO THE HEAVENS 


Sir Robert Ball. Fifth edition, edited by 
FE. A. Beet. George Philip and Son, Ltd., 
30-32 Fleet St.. London E.C. 4, 1955. 84 


pages plus 83 plates. 30s 


Y THE TIME a book has reached its 
B fifth edition after more than 50 vears 
of use, litthe can be said about it that has 
not been covered by others. This volume 
includes a summary of our knowledge of 
the solar system, a guide to the positions 
of the planets to 1970, photographs and 
drawings of celestial wonders, and a list 
of objects that should be interesting in a 
small telescope. 

The present editor is Ernest Agar Beet, 
secretary of the British Astronomical Asso- 
ciation and a member of the faculty of 
the Pangbourne Nautical College. He 
points out that the last revision in 1925 
was very thorough, that he has corrected 
statements that are no longer true, and 
that he has added a few words to indi- 
cate the direction new knowledge is tak 
ing. 

Measures of double stars have been re- 
vised to more modern values, while a new 
map of Mars with notes concerning that 
Certain astro- 


planet has been added. 
between the 


nomical discoveries made 
time of revision and the date of publica- 
tion are shown in an addendum follow- 
ing the preface. 

his work is highly recommended for 
the ambitious amateur who wishes to dig 


deeper into the subject. Your reviewer 


was inspired by the first edition of this 


Astronomy Books 


AMATEUR ASTRONOMER'’S 
HANDBOOK, | > 


book, and he is happy to add the new 
edition to his library. 
Since the text 


consists of facts and 


AMATEURS, : 
THE MOON, by \\ M 
PRISM AND LENS-MAKING, 


figures rather than theories, some of the 


older sections have not been reset and 
missing letters indicate that the type is 
next reviser might 
check the use of the 
rather than “Mount 


should substitute “galaxy” for the mouth 


becoming worn. ‘The 
Norton’s STAR ATLAS 


Elger’s MAP OF THE MOON 
ASTROPHYSICAL QUANTITIES, 


( \\ \ 


term “Palomar” 


Palomar,” and he 
“extragalacts 


filling and misleading 


nebulae,” a term that is used too. fre 


quentiy in this book 
ROY A. SEELY 
New York, N. ¥ 


HERBER’ 


r A. LUFT 


I N. ¥ 


$12.50 


OBSERVATIONAL ASTRONOMY FOR 
r $10.00 
$12.00 


l $11.25 


$10.00 





MARIA MITCHELL 





Girl Astronome: 


Hathaway Melin.  Bobbs-Merrill 
Co., Inc... Indianapolis, Ind., 1954. 192 
$1.75 


NEW. NEW- NEW 
Star 
Time 


Grace 
pages. 


IKE some 90 other books of the series 

“Childhood of 
this book is popular with children be 
who think that they are 
about the first 
America. But 
getting merely a fanciful sketch of a child 
Marta Mitchell 
only to the extent that she has an inquin 


Famous Americans,” 
tween 8 and 12, 


learning facts woman 


astronomer in they are 


who resembles the real 


$1.00 postpaid 
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day at school is the only incident founded 
on fact. 

The author 
Quaker children or Quaker parents of the 
Nantucket of the 19th 
What child of that day would have been 
“stick out her 
tongue” when she wanted to gain a point 
over a brother, sister, or playmate? And 
certainly at the age of 30 Miss Mitchell 


fails utterly to depict 


early century. 


allowed to “make a face” or 


would not have made a face at Professor 
George Bond. No one who has examined 
the original material available could have 
attributed to her father William Mitchell 
the horseplay and other actions described 
in this book. 

Portions of the last four chapters are 
factual, but there are many inaccuracies 
interspersed with fiction. The solar eclipse 
of February 12, 1831, was annular, cen 
tral 16 or 17 Nantucket. 
According to the record the sky remained 


miles north of 


fairly bright; no artificial light was needed 
to read the chronometer and record the 


times of the contacts. The planet Venus 
could be seen at mid-eclipse, but no stars 
were visible. From his observations, Mr. 
Mitchell determined the longitude of his 
house on Vestal Street, 


in his work of correcting chronometers for 


a value necessary 


the whalers. No prize money came with 
the gold medal which Maria Mitchell re 
ceived from the king of Denmark. 

The “star pictures” described in chap 
the rudiments 


ters 7 and 9 and some of 


of astronomy are well done, in language 


easy for children One wishes 
that the author had published only a 
had left the 


biography to someone willing to take time 


to grasp. 


brochure of these, and 
to ferret out and write facts. 

There is need for a good child’s life of 
Maria Mitchell, one as vivid and accurate 
as the beautifully written Sweeper in the 
Sky by Helen Wright, 
adults the life of the pioneer woman 
astronomer and educator. Miss Wright's 
researches for her book took her far afield 


describing for 


and occupied the major part of 10 years. 
During that know 
Nantucket and its traditions. She gleaned 


time she learned to 
from persons who have since died most 
of the used Maria 
Mitchell's childhood. It is hoped that be 
fore long she will find time to write a 
child’s book on this subject. 
MARGARET HARWOOD 
Maria Mitchell Observatory 
Nantucket, Mass 
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And 
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A Message to Volunteer Observers: 


Phe satellite program of the International Geo 
physical Year offers a unique opportunity for the 
volunteer visual observer to make a significant scien- 
tific Contribution. On him will rest the responsibility 
for obtaining the first and the last scientifically valu 
able visual observations of the satellites. Such observa 
tions will support the early radio tracking, and will 
probably be the only observations available of the 
dying satellite. The visual 
work will have particular im 
portance for the calculation 
of the density of the upper 
lavers of the atmosphere neat 
the limit of measurements ob- 
tained with modern high-alti- 
tude rockets. 

The early satellite track- 
Ing is necessary for the calcu- 
laiion of preliminary satellite: 
findins cphemerides, essential 








ath 


Caen 1. Wines to aiming the photographic 


Schmidt telescopes that will 
make the precision observations of the satellites. 
Should a satellite's radio fail or some. satellites be 
launched without self-contained radios, the full weight 
of responsibility for the critical initial observations of 
the satellite will fall on the shoulders of the volunteet 
visual observers. 

The carth satellite program has been developed 
by the U.S. National Committee for the International 
Geophysical Year. This Committee was established by 
the National Academy of Sciences to plan and direct 
the IGY program of the United States, and to coordi- 
nate our efforts with those of some 46 other nations, 
through a special international Committee set up by 
the International Council of Scientific Unions. “Thus 
the satellite program is part of an unprecedented study 
of the earth and its atmosphere, in which the principal 
scientific institutions and the leading geophysicists of 
the world are involved. 

The National Academy of Sciences, through the 
National Science Foundation, has assigned to the 
Smithsonian Astrophysical Observatory the initiation 
of an optical tracking program tor the earth satellites. 
\ vital part of this program can be carried out only 
by a corps of qualified visual observers, who in or- 
vanized groups will man selected strategic observing 
stations. 

We hope that publication of this bulletin trom 
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time to time will act as an effective means of dissemina 
tion of authoritative information about the progress 
of the satellite program, methods and means of obsery 


ing and reporting, and related topics. 

We at the Smithsonian Astrophysical Observatory 
are grateful for your co-operation. The work required 
of the volunteer observer will be exacting and time 
consuming; but it will conter that most satisfying of 
all rewards to the person interested ino science: — the 
knowledge that he has contributed significantly to a 
unique international scientific effort of prime im 


sortance. : 
| Frep L. WHippir, Director 


Smithsonian Astrophysical Observatory 


}. ALLEN HyNek, Associate Director 
of the Satellite Tracking Program 


A Note from the Coordinator: 


The story of the satellites to be launched during 
the International Geophysical Year is in itself so dra 
matic that it requires no special promotion to awaken 
universal interest. Virtually every human being with 
ordinary Curiosity and a spark of scientific imagination 
will want to see the satellites. 

The Bulletin for Visual Observers of Satellites, 
addressed to the volunteers who have registered with 
the coordinator or with members of the advisory 
committee, will be issued from time to time. ‘The 
information in the bulletins 
will be carefully checked for 
accuracy by Dr. Whipple, 
director, and by Dr. Hynek, 
associate director of the satel- 
lite tracking program. 

Even though this bulletin 
for visual observers will pre 
sent the facts as exactly and 
precisely as possible, it caniiot 
forsee all the problems that 
may arise; my office will un- 
dertake to answer necessary 
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questions and to provide in- 
terpretation of difficult material. “The bulletins may 
be kept in a spring binder or loose-leat folder, together 
with supplementary information, so that the file, when 
complete, should contain the answers to practically all 
questions that may be raised about observing the 
satellite. 

The code names MOONWATCH and SEESAW 
have both been suggested for the visual observing pro 












gram. MOONWATCH is obviously appropriate, and 
SEESAW, because of the extremely rapid motion of 
the satellite, will apply in the sense of “IT see it—TI saw 
it!” In this bulletin, for the present, the word MOON 
WATCH will be used. 

Many thousands will probably wish to volunteer 
to observe the satellite; a large part of these will Tack 
the necessary qualifications, and even of those quali 
fied only a relatively small number will be able to 
spend the time and energy necessary to play a uselul 
part in the observing program. Betore the teams of 
visual observers can be finally chosen, an extended 
period of time will be required tor the screening and 
training of volunteers, for experiment with various 
procedures, and for organization and practice. There 
fore, the selecting of volunteers is beginning now. 

Skilled and reliable volunteers will be needed to 
observe a satellite in such rapid motion, Each indi 
vidual will carry a heavy responsibility toward the 


success of the total program. Each group, and every 


member of the group must be completely dependable, 
if the sum of the observations is to achieve our pun 
pose. The coordinator and advisory committee will 
therefore establish basic qualifications and require 
ments. Every volunteer must meet these requirements 
before he can be formally accepted as a group member. 
Members of the advisory committee, whose names 
and addresses are listed on the last page of this bul 
letin, are ready to receive applications from amateurs 
seriously interested in taking an active part in’ the 
program. But please assist the committee in its very 
demanding task by limiting your queries to those that 
are specifically connected with the observing program. 
We inviie participation by amateur astronomers 
who recognize in this project an unusual challenge, 
as well as the opportunit¥ to establish a new and pro 
ductive relatiogship between the amateur and the 
professional astrone; 
\k sAND N. SPITZ 
Coordinator of Visuak Observations 


I. The MOONWATCH Program 


1. Objective. The primary objective of the visual 


program is to make sure that an observable satellite 
will not pass over a station without being observed 
with acceptable accuracy, This objective can certainty 
be attained, but it will depend heavily on the MOON 
WATCH groups—their number, size, and reliability. 

B. Organization 
receiving and evaluating optical observations will be 


\ central computing bureau for 


established probably at the Smithsonian \strophysical 
Observatory, on the grounds of Harvard Observatory 
Phe observing groups 


in’ Cambrid Massachusetts 


oe. 
in any given geographical area will be informed when 
an observable satellite may be expected in their region. 
Phe system of notification hay not been completely 
worked out, but it may involve the use of radio, tele 
Vision, telephone, telegraph, cable, news releases, and 
amail., When a group leader is informed that during 
an approaching twilight period a satellite is expected 
to be observable from his station, he will have. the 
responsibility of notifying the members of his group 
and readying them for action. 

C. Individual Qualifications The central com 
puting bureau will accept only the observations dis 
patched by a group leader, and the group leader will 
accept and forward only observations made at the site 
chosen for his particular group. Thus, no “lone-wolf”’ 
observer can contribute usefully to the program; each 
individual must act in co-operation with his group, 
if his observations are to have any value. All observa 
tions by a group must, in turn, be made from a stated 
geographical position, as predetermined and recorded 
at the central computing bureau (in the memory sys 
tem of the computing machine) 

These very rigid requirements are essential for 
several reasons 

1. A precise observation of a satellite’s position 
in the sky is worthless unless the observer's geographi 
cal position is accurately known at the computing 
center lor immediate use in the calculations 


2. The computing system can deal with only a 
limited number of such known stations, and it: will 
not be feasible to investigate reports trom isolated ob 
servers to determine their possible value. 

Phe satellite program depends on the volun 
teer observing groups to Constitute a series of “optical 
fences,” to prevent any possibility that a satellite might 
slip through successive zones of observation without 
bemg seen. Even if it were possible to screen the 
scattered reports of isolated volunteers, the number 
ol such observers would have to be impossibly large 
to guarantee that the satellite would be detected by 
their unorganized search. 

D. Group Organization. Each qualified group 
will be under the direction of a leader, with an 
assistant: leader, who may double as timekeeper and 
recorder if the group is limited ino numbers. Each 
observer in a group must have a pair of binoculars o1 
a monocular, of wide aperture and. field, supported 
on a mounting that can be directed to a chosen region 
along his meridian. “The most efficient instrumenta 
tion will be described in a later bulletin. With binocu 
lars or monoculars whose fields overlap along the 
meridian “fence,” some 30 observers tor each station 
will be an optimum number to cover the arc of the 
meridian over which useful observations might be 
made. A much smaller group, however, can do usetul 
work; the most suitable instrumentation will depend 
on the number of observers in the group. 

\ short-wave radio to give accurate time signals 
is almost indispensable. IL some type of recording 
equipment, such as a tape recorder, is available, an 
immediate and permanent record can be made of time 
and other data. Stop watches or other types of second 
indicating timepieces must be used to supplement 
even a radio and recording system. 

E. O pe rational Procedure. he group leader will 
assign to each observer a fixed area of the skv along the 
meridian, so chosen that adjacent fields will overlap 





suitably. During the observing period, cach observer 
should fix in mind the configurations of fainter stars 
as they slowly pass across his field of view. In this way 
he will be able to report the precise path of a satellite 
across the field, if he is so fortunate as to be watching 
that part of the meridian over which it- passes. On 
scceing a satellite, the discoverer will make a signal 
to the timekeeper and recorder to warn them that he 
has spotted the satellite and to prepare them for an 
accurate time determination. 

Phe discoverer must not move his telescope to 
lollow the motion of the satellite. The group leaden 
and assistant group leader should be able to confirm 
the reality of his observation by means of their own 
movable binoculars. Lhe discoverer’s immediate duty 
Is to reconstruct, as accurately as he can trom. his 
memory, the exact track of the satellite among stars in 
his field of view, marking it on a chart of the configu 
ation, alter determining as well as possible the instant 
of passage across an identifiable star group. 

If the group leader is convinced that the observa 
tion Is authentic, and not some passing aircraft or some 
other spurious target, he will ask certain other obsery 
ers to follow the satellite's motion and attempt to 
produce an accurate record of its path among the 
fainter stars, calling times at points along the sky that 
can be located with respect to the star background. 


II. Basic Facts About 


\ccording to present plans, the first satellite will 
be a polished metal ball, 20 inches in diameter, travel 
ing in a slightly eccentric orbit inclined between 30 
and 10 degrees to the carth’s equator. “Phe eccentricity 
will be only about 0.07, but it should be remembered 
that this is measured with respect to the center of the 
earth rather than the surface. At perigee the satellite 
should travel about 200 miles above the earth’s surface, 
and at apogee some 800 miles. With a mean altitude 
of about 500 miles. its period, which is a function 
solely of its mean distance, will be about 100 minutes. 

Phe motion of the satellite through the observer's 
sky will be rapid in comparison to the speed of all 
other celestial bodies, except meteors. A satellite will 
cross the entire United States in only 10 minutes; and 
on its Closest approach to the earth it will appear, to 
an observer directly beneath it, to move at a rate ol 
about 1.5 degrees per second of time. When at apogee 
or at lower meridian altitudes, its apparent rate will 
be reduced to a small fraction of a degree per second. 
For Comparison, the apparent speed will be equivalent 
to that of an object crossing the lace of the moon in 
from hall a second to a verv few seconds. 

None of the satellites now planned will be a con 
spicuous object. The average apparent visual magni 
tude under favorable circumstances will be approxi 
mately 7, depending upon the exact size, reflecting 
power (albedo), and the distance. When at perigee 
and directly overhead the satellite may be a magnitude 
brighter, and at apogee or at a low meridian passage, 
as faint as 9th or 10th magnitude. 

Phe inclination of the satellite’s orbit to the 


= - 


Phe group leader, at the earliest possible moment, 
will transmit the observations to the central comput 
ing bureau by some rapid Ineans, and the computing 
machine will immediately incorporate the observations 
into an improved solution for the motion of the satel 
lite. AIL significant observations will eventually be 
published, and cach will bear the name of the observer 
and of the group leader as those responsible for its 
authenticity. 

When a satellite is near perigee and therelore 
brightest, the twilight watching period need not ex 
ceed an hour; when the satellite is near apogee and 
moving slowly, the watch may exceed two hours. It is 
even remotely possible that a satellite may be observed 
twice during one observing period. 

This brief description of the procedure to be tol 
lowed by an observing group indicates the nature of 
the problem, as well as the methods needed to insure 
that a satellite Cannot pass by unobserved, and that, 
when it is observed, the time and position will be de 
termined with the necessary accuracy. Many variations 
in the details of the observing procedure are possible, 
and ingenious improvements may be developed by 
many groups during their training periods. These 
should be reported to the national advisory committee 
lor analysis and possible general distribution to other 


observers. 


the Satellite Orbits 


earth’s equator will be equal to or somewhat greater 
than the latitude of the launching site, which will 
probably be about 28° north, at Patrick Air Force 
Base near Cape Canaveral in Florida. Phe firing must 


be directed over water where shipping has been sus 


pended, so that the heavy motors of the first and second 
rocket stages will not endanger human life or property 
when thev fall. Observations, however, should be 
made from land, so the trajectory will probably tollow 


the northern edge of the Bahamas in a direction some 
what south of east. The generally eastward direction 
is highly desirable, for the entire rocket can gain speed 
from the eastward rotation of the earth, which is about 
900 miles per hour at that latitude. Thus the inclina 
tion to the equator will exceed 30 degrees, and it ts 
hoped that the value will be nearer 10 degrees. 

Observers located somewhat outside of the lati 
tude zones equal to the inclination of the orbit may 
still have a good chance of seeing a satellite, but it 
will appear somewhat fainter and be closer to the hori 
zon than for observers in latitudes where it can pass 
overhead. 

We do not know how long a satellite will remain 
aloft. Several months is probably a sate guess. When 
we have answered this question we shall have solved 
one of the most important problems to be attacked 
in the early part of the satellite program—the density 
of the very uppermost regions of the earth's atmos 
phere. Even though that density may be one millionth 
of a millionth of the air density at sea level, its resist 
ance will still cause the satellite to spiral slowly 


inwards. The rate of spiraling will be directly pro 





portional to the air density, so observations of the 
satellite will give a quick direct measure of this still 
unknown quantity, Rocket observations, incidentally, 
can give us measures only up to about a hundred 
miles above the earth's surface. Observations of a 
satellite near the end of its spiral, when its orbit is 
changing rapidly, will then serve to tic together these 
two modes of measuring the density of the earth's high 
atmosphere Pemperatures can be calculated) from 
these measures, but will depend upon assumptions on 
other measurements of the atmospheric Composition. 

If the earth were a perfect sphere, the satellite 
would continue to move ina fixed plane with respect 
to the stars except for the very small perturbations 
introduced by the moon and the sun. But a satellite 
moving so close to the earth’s surface is overwhelm 
ingly within the gravitational power of the earth, and 
any major shifts in its orbit must arise from the pe 
culiar distribution of mass in the earth. 

Since the earth’s equatorial diameter is greater 
than its polar diameter, the equatorial bulge causes a 
variable gravitational pull on the satellite as it moves 
around the earth. Except in the case of a satellite moy 
ing exactly in an equatorial or polar orbit, the plan 
of the orbit will keep swinging around in the direction 
opposite to that in which the satellite moves. Meas 
ured with respect to the stars, the intersection of this 
plan with the earth's equatol will move westward 
around the equator with a period of some 50 days. 

Phis motion of the orbital plane, combined with 
the rotation of the earth and the motion of the earth 
about the sun, presents a rather complicated geomet 
rical picture, Furthermore, a satellite can be observed 
optically only when it appears during evening on 
morning twilight, for then it is illuminated by the 
sun and the observer is in shadow. ‘Thus, the circum 
stances for observation become rather difficult to visu 
alize The serious reader may wish to construct a 
simple model of the earth, sun and satellite, to help 
him tollow the changing observational zones. 

This model may be made trom a small school 
vlobe, a flashlight (ior the sun) fixed at a few feet 
from the globe, and a wire hoop that is only slightly 
larger than the globe's diameter. If the hoop is held 
in such a way that its plane passes through the center 
ol the globe and is inclined about 55 degrees to its 
equator, it constitutes a good representation of the 
satellite orbit. If the entire model is placed in a 
darkened room, the flashlight creates the zones of twi 
light on the globe in which an observer might expect 
to see the satellite. The satellite will make about 15 
revolutions while the earth turns once with respect: to 
the sun. The north and south motions of the zones 
of observability appear quite Clearly as one turns the 
plane of the hoop around in a westerly direction; for 
an actual satellite, one turn requires about 50 days. 

\nother way to visualize the situation, with o1 


without the model, ts to adopt the satellite’s point of 


view. Suppose we are moving with the satellite and 


looking down at the earth. Underneath us we shall 
observe, in succession, the daylight side of the earth, 
the evening twilight zone, the night side, the morning 


twilight zone, and again the daylight side. We on the 
satellite see all of this happen in only 100 minutes of 
actual time, so the earth can turn only 25 degrees dun 
ing one revolution of the satellite. As the plane of the 
orbit swings around during the 50-day cycle, the arca 
where the satellite crosses a twilight zone, and is thus 
observable, will move rhythmically up and down in 
the carth’s latitude from the point farthest north to 
the point farthest south and back again. When a 
twilight crossing is ata northern latitude in the morn 
ing, it will occur at a southern latitude in the evening. 
When a morning crossing occurs near the equator, so 
also will the evening crossing. The seasonal change in 
the position of the earth with respect to the sun will 
affect. this geometry considerably, without changing 
vreatly the available time tor satellite observations. 

During our 1O0-minute motion around the earth, 
the earth will have turned some 1,700 miles castward 
at the equator, and the satellite crossings will take 
place at longitudes about this far apart. 

If a twilight crossing takes place near perigee, 200 
miles above the earth’s surface, the sun's shadow will 
just about reach the meridian directly over the ob 
server's head at the end of evening twilight or at the 
beginning of morning twilight. Specifically, we shall 
have about 40 minutes during fairly dark skies to catch 
a satellite as it passes overhead in these circumstances. 
On the other hand, at apogee the satellite is lar above 
the earth's shadow for a considerable angle in the sky 
beyond the direction of the sun at the level of twi 
light. Hence, we shall then have more than LOO min 
utes of good dark sky in which we may hope to observe 
the satellite. This gives the Opportunity, on rare occa 
sions, to observe the satellite twice during one twilight 
period, as already mentioned. 

Future issues of the bulletin will contain more 
specific information on details of observing procedure 
and additional data about the satellite which will be 
useful to our volunteer observers. 
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Phe complexities of gaseous discharges 
dis 


would appear to put them at some 


advantage as a tool for astrophysical re 
search until these processes are more Com 
pletely understood. The luminous shock 


tube offers, under certain) Circumstances, 
an experimental setup where the physical 
state can be approximated as a function 
thermo 
the 
the 


Wary on 


states of 


Nevertheless, 


of time bv a series of 


dynamic equilibrium 
the 


water are 


ereat success ol Kiel work with 


whirling promises 


portant further contributions by essen 
ually gas-discharge techniques 

Phe experimental and theoretical litera 
ture in the field has become so extensive 
that a 


pected to contain all that 


volume of this size cannot be ex 
a particular 
specialist might: want \ list of useful 
references is appended at the end of the 
volume 
viven olf 
the extensive investigations by H. S. W. 
Massey, Ek. He. S. Burhop, David Bohm, 


and their associates, and by others on the 


Unfortunately, no account is 


propertics of gaseous discharges in 
fields. In 
physical problems concerned with ionized 


mag 


net view of the many astro 


ASTRONOMY 


MOTION PICTURES 


16-mm. sound, 400-foot reels 
I THE SUN 

Il THE MOON 

Il THE SOLAR SYSTEM 

IV THE MILKY WAY 

V EXTERIOR GALAXIES 


Narration by Dr. Ruroy Sibley. 


2x2 SLIDES 


35-mm. 


STRIPS OF SLIDES 


PIPL LOL L LOL ELE LL LEL EL LOL ELOGLLOL DLO L OL O# 


Highly commended by Visual Aid 
Departments, Film Libraries, 
and Educators 


Schools, Colleges 


throughout the country. 


Catalogues on request. 


International 
Screen Organization 


1445 18th AVE. NORTH 
ST. PETERSBURG 2, FLA. 


LPPL LPS 


PPP PP PPP LLL LL LL LL LO PL LLL EPO LE LEP LLL LE LOLOL ELE DOPE ELLLL PP PRCOOE PPPS P——C PPC LOe) 


ASTRONOMY AT A GLANCE! 


* CLOSEST TO SUN 


© United States and Canada 


4321 PERRIER ST. 


go RU Toy Watel, 7 .ye 


ace Feat / 


© Shows relation of Earth to Other Planets 

® Planetary Data on reverse side 

© 102” Dinner Size Plate—beautiful colors 
3-dimensional raised design 


tn beautiful 


Holland, 


from 
plate 


Delft 
beautiful, 


ware, imported 
educational 


this 


represents the sun itself with the border of 
prominences representing those always visible 
on the rim of the sun. Interesting space ships, 
space men and the planets embellish the cen- 
ter section. 

The world’s leading astronomers and _scien- 
tists agree it is most interesting, educational 
and beautiful. 

Wonderful for children interested in studying 


Astronomy 


perfect for livingroom, den, 


playroom or study or the classroom. Be first 
to have one! 
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SY POSTPAID 


NEW! FIRST TIME SHOWN! 
MANNING’S PLANETARY PLATE 


NEW ORLEANS, LA. 
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Astronomer 


to *9 500 
in this 


stimulating 


missile 
test 


work 


You will be challenged 
by such problems as 
optical retraction 
and ballistic camera 
orientation from known 
star locations involved 
in Obtaining missile 
trayeocuory data 

Ph.D. degree preferred 
plus experience in 

the measurement, 


handling and reduction 


of astronomical plates. 


Jom a scientific team 
at top level in this 
unprecedented work 
with a world leader 
Ideal 


living conditions on 


in electronics. 


Florida’s Central 


Kast Coast 


To arrange confidential interview, send 
resume to Mr. H. C. Laur, Dept. 
N-20G, Missile Test Project, P.O. Box 
1226, Melbourne, Fla. 
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IOV 


Vases TH Magnet fields, this omission. is 


to be regretted. Perhaps such subjects 


will be handled in a later volume 


Certunly, problems concerned — with 


electrical Conduction ino gases are going 


to be of increasingly greater interest. to 


astronomers in the vears to come, and von 


knegel’s book can be recommended as an 
introduction to this rapidly developing 
subject 


LAWRENCE Hi. ALLER 


University of Michigan Observatory 


A MARINER’S METEOROLOGY 


Charles G. Halpine and H. Hagen Taylor. 
D. Van Nostrand Co., 
N._1., 1956. 371 pages. 


Tin Princeton, 


SS.00 


wish 


DEDICATION 


that 


“To vou, with a 
enrich 
thre 


its study will your 


knowledge and appreciation of ph 


weather 
this 


ever-changing 
the 


used to 


nomena of th 


around us,” strikes kevnote of 


meteor 


S. Naval 


textbook, which ts teach 

ology to future officers at the 

\cademy 
Alter a 


COMpOsition 
thre 


cle scription of the characteris 


and structure of the at 


tics 
mosphere, authors discuss the elements 


of meteorology and then 


No use 


nor of higher physics that might be con 


mcasurement 


is made of advanced mathematics 


fusing to a sailor 


There is an explanation of a station 


nodel, the cluster of symbols on a weather 
map telling the conditions 


I 
Station the 


at a reporting 


propel use of these obser 


Lhe 


chapter on cloud: types and obstructions 


vations ais described subsequent 
to vision is so well illustrated with photo 
graphs of various Clouds that the average 
laviman ashore will be as interested as the 
marine? 


I he 


fort 


table of wind force on the Beau 


scale is accompanied by excellent 


photographs of the sea when winds ot 


Various speeds are blowing. Yachtsmen 


ind small-boat sailors will be interested 


in the explanation of small-craft) storm 


There is a de 


ind) hurricane warnings 
scription of radio aids for ships at sea, 
including the international analysis code 
of importance to small ships 

Weather 


plain doin great 


and forecasts are ex 


detail, 


Mhatps 
and there is a 
series of maps for one complete day, at 
six-hour intervals, to show the practical 
ipplication of many of the factors in fore 
I he 
climatology 


The 


will 


casting book concludes with chap 


ters on oceanography, and 


final 


prove 


weather at) wat elossary ol 


technical terms most helpful 


to both casual readers and students. ‘I here 


are review questions at the end of each 


Chapter 
This book is really designed around its 


many excellent: pictures and diagrams, 


and it will stimulate the reader to put 


into immediate practice the knowledge he 
has assimilated so pleasantly 
FRANCES W 

Harvard College 


WRIGHEI 


Observatory 


something new in stargazing 
Printe norig ible plasti W t 


( 


MODERN STAR GUIDE 


2321 Derby St., Berkeley 5, Calif. 








The latest 


pitz Planetarium 


has been installed at 


Brigham Young University 
Provo, Utah 


* 


Spitz Laboratories, Inc. 
YORKLYN, DELAWARE 


Telephone: CEdar 9-5212 











6” PORTABLE TELESCOPE 


IMAGE ALWAYS ERECT 


a truly 
portable 
telescope 


34 pounds 
including tripod 
no counterweight, 
altazimuth mounting 


beautiful, practical 


use in daytime 
write 
for further 
information 


complete 
with tripod 
$395 


SANTA BARBARA TELESCOPE CO. 


607 MIRAMONTE DR., SANTA BARBARA, CALIF. 


as well as night 








new, enlarged edition 


RELATIVITY 


and Its Astronomical 
Implications 
By Philipp Frank 


I he 


which explains the 


third printing of this popular booklet 
significance of Einstein's 
understandable to 


New 


pages, 


general theory, in’ terms 


the intelligent) layman larger type 


more illustrations and paper bound 


Toe each postpaid 


SKY PUBLISHING CORPORATION 


College 


Observatory 
Miaass 


Harvard 


Cambridge $8 

















NOW — NEW DELUXE 4" DYNASCOPE Reflector 


with ADVANCED Precision Features Offers 
You Truly Amazing Telescope COMPLETE 


Ze? soe only $7995 


F.0.B. Hartford, Conn. 

Shipping Wt. 21 Ibs. 

Express charges 
collect 


any telescope at double the price! 


4-inch Parabolic Pyrex Mirror — finished to exacting specifications and guaranteed 
to perform to the Dawes’ limit for this size of instrument. Aluminized and zircon 
quartz overlaid to insure maximum protection and lasting use. The 4-inch mirror 
gathers ‘3 more light than a 32 inch mirror. 


NEW improved cast-iron true equatorial mounting with free-moving polar and 

declination axes complete with friction clamp on declination axis and large 
knurled brass adjustment on polar axis. Wing clamp provides quick change 
of latitude adjustment. Both axes are of 5@ inch steel supported on four bear- 
ing surfaces. Rugged, weighs approximately 12 pounds. Mounting is guaran- 
teed for vibration-free action and necessary smoothness. 


8 NEW 114 inch eyepiece mount with exclusive double-draw focus and rack 
and pinion. Adjustable for three inches of travel to accommodate any eye 
piece, negative or positive. Built-in diagonal mirror accurate to ‘s-wave 


tolerance. 


Three eyepieces: 18-mm. Huygens, 9-mm. achromatic Ramsden, 7-mm 


achromatic Ramsden, giving powers of 65X, 130X, and 167X. 
5] 4-power achromatic finder scope with crosshairs. Extra large field of view 


a 
3 
| 

; 


/ 
} 
| | © NEW covers for eyepiece tube and open end of the telescope itself! 
i 
| 
' 
i 
} 


@ NEW bakelite tube beautifully finished in grey wrinkle enamel! 
8) NEW improved hardwood folding tripod legs in natural finish 


Chain ties provided (not shown in illustration). Sturdy, balanced, 





Inquire for details of con- 
venient Time-Payment Plan. 
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perfect portability. 


THE SUPERIOR 4-INCH TELESCOPE Prove it yourself at NO RISK! 


Here at last is the scientific instrument that serious amateurs have been 
waiting for — with a full warranty of high accuracy at lowest cost! 

Now you needn't spend $150 and up to be sure of high-precision observa- 
tion. Nor do you need go to the time and trouble of building your own 
telescope to get the most value for your money. For the dollar-and-cents 
facts about the new Deluxe 4-inch Dynascope are these: The advanced 
precision features are those you would want fo select for yourself. But buying 
them singly, as an individual, you could never beat our low price. Nor 
could you hope to surpass the technical co-ordination and stability that 
have been engineered into this superb instrument to meet the most exacting 
standards of optical and mechanical superiority ! 

Fully achromatic, tested and proven by scientists in leading planetaria, 
the new DeLuxe Dynascope comes to you complete with every part and fea- 
ture exactly as described and illustrated here. Each instrument is carefully 
triple-tested before shipment and is accompanied by the Inspector’s per- 


formance report. Specially packed, ‘it is ready to be set up for observation 
within a few seconds. Shipment is F.O.B. Hartford, Conn., express charges 
collect (weight 21 pounds). There is nothing else to buy, no added charges, 
no extras of any kind. 


YOU WILL BE DELIGHTED—OR MONEY BACK! 


Prove to yourself-—without risk—how good the new Deluxe Dynascope 
really is. Order it now. Try it at your own pleasure. Compare its performance 
with that of any other telescope at double the cost or more. It will delight 
you and exceed your every expectation —or simply return it within 30 days 
for a full refund. But don’t delay. As you know, quality engineering of 
precision instruments does not permit mass production. Consequently the 
supply is limited. To assure yourself of prompt delivery, send your check or 
money order today! 


THE CRITERION MANUFACTURING COMPANY 


Manufacturers of Quality Optical Instruments 


DEPT. STD-27, 331 CHURCH ST., HARTFORD 1, CONN. TEL.: CHAPEL 7-1696 — CABLE ADDRESS: CRICO 
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"hd a ASG 4 
16 f @) ASTRONOMICAL TELESCOPES 
Oeseavens ovres 

a 


FREE 
FREE 


UNITRON Drsttamond® Dirrcoore « 


OBSERVING the MOON 


Yours for the asking! 


py « be S The New UNITRON Catalog 
of ASTRONOMICAL 
TELESCOPES 


including the 


OBSERVERS GUIDE 


The first 
; completely 
EM nonachromatic 
catalog 
ever to advertise 
fully achromatic 
telescopes! 


UNITRON 


UNITRON’'s new 
catalog is colorful — 
red, yellow, and blue 
(as well as black). 


UNITRON ig} JN : UNITRON UNITRONS 
peat Pisat REPORTER vibeca 





where quolity counts 
7 


UNITRON ASTRONOMICAL TELESCOPES ARE PREFERRED 


why delay ? NITROD 
order yoor unirRon tedey! 





UNITRON 


UNITRON 


2 


OBSERVING the SUN 


Getting Acquainted with the CONSTELLATIONS 


ihacen 


UNITRON 


WONDERS of the DEEP SKY 


OBSERVING the PLANETS 
{ 


i HINTS for OBSERVERS Peers Bs scm wnt 
2 4 UNIT 
The Observers is tien weet reorient re, ; ) NITRON 


Guide 


« PHOTOGRAPHIC 


. ] yi a c 
is valuable! 5 ij HE , EQUATORIAL 


A series of full-page, 

illustrated articles, 

useful for permanent 

reference! While you 

might try to use a ; : : \ = 

magnifying glass on ws E Eel 4-lnck PHOTO 
these sample pages : ‘ to : ; oy Be 
reproduced here in ; 
miniature, we know 

you will want a real, 

full-sized (8'2” by 

11”) copy to put on 

your book shelf. 


WRITE—WIRE-PHONE-RADIO 


Use the handy coupon on the bottom of the 
page. Come in person or send a messenger. 
Use carrier pigeon, smoke signals, jungle 
drums, semaphore, or heliograph. But, how- 
ever you choose to communicate with us, don't 
delay your request for a FREE copy of 
UNITRON's valuable guide to today's fastest 
growing hobby. 


How to Order Using UNITRON'S Eosy Payment Plen A GLOSSARY of TELESCOPE and OBSERVING TERMS 


SHEE: SEER, | es fs Mm UNITRON * Ps 


of UNITED SCIENTIFIC CO 204.6 MILK ST., BOSTON 9, MASS 


Please rush to me at no cost or obligation a copy of the 
new UNITRON Catalog of Astronomical Telescopes 
including the Observers Guide. 


“he Name 


l Street 


| City State 
PLEASE PRINT 


> pieecermen stra al a ES ote af eTrrittttet?ttftffftftT 











Telescope 
Parts by 
CRITERION CO. 


Manufacturers of the famous 


DY NASCOPE 


Rack -and-Pinion 
Eyepiece Mount 


The most mechani 
cally pertect’ focus 
ng is by rack 


Pinion 


and 
This mount 
takes standard 114 


evepleces Full ol 


than ever | 

\ 
fore Accommec 
any 


(ravel—more 


! 

fates almost 

Ivpe of eveplece posi 

tive ind Ty Pa 
vO 


k d 
nurled knobs 


Yariably — tensiones 
Solid ae 


negative 4 


focusing 


Cast-metal sliding 
Close toley : 


Mount 
| 


i mounting holes 
included I 


brass tube 
MCE prevents 


ligns itself loosen 


‘eo mount has 
pe diagonal holder Whicl 

\ ch 
ighment and 
femipered to 


} 
ch 


prevent 


lows ' 
Vibration 


Rex 
prevent 
nges Adjustable 
scopes, also 2 
nO CXxtra cost 


tthe 


femperatunre 
for 3” to 8 
scopes if 
Order 
Complete ¢ 


on or more 
sepleces described 
© YOu send for 


ev which 
of om 


below at the sam 


Mis rach-and-} 
Commodates 
ertectly cvepleces 


$7.95 Postpaid 


Reflecting 
Telescope 


Mirror Mounts 
Mounting the 


tO any IWpe tube 
nuts and bolts 


square-rod 


SO specified 


positioned 


1 


| 








Complete 
Eyepieces 


Criterion Manufacturing Co., 
331 Church St., Hartford 1, Conn 





Dept. STP-2 


GLEANINGS FOR ATM’s 


EDITED BY EARLE B. BROWN 


\ CLosep TUBE, 


HERE ARI 


to my closed tube reflector described 


five optical Components 


in the June issu These are the primary 
mirror with a paraboloidal figure, a small 
diagonal flat, an ellipsoidal secondary 
mounted at the side of the tube, 


In addi 


are eyepieces or camera acces 


mirro} 
and two plane-parallel windows 
tion, there 
sories. | shall now describe the fabrication 
components and 


of the five principal 


svstem. 
An 8-inch blank of 


pyrex was edge-ground in a lathe with a 


alignment of the 

Primary Mirror. 
rigid copper bar, using 120 and FF car 
borundum to get an accurately circular 
disk that 7.834” in 
Phe back was ground approxi 
mately flat and accurately squared with 


finished diameter. 


surlace 


the edge \fter chamfering the edges, I 


ground the front surface to the proper 
radius of curvature; then the optical and 
physical axes were made coincident within 
0.0002” 


checking with a dial-gauge jig 


during fine grinding. This pretreatment 
was essential to future stability of align 
aperture is 7.60% and 


17.98” 


ment The clear 
the focal length 

All grinding 
done on 


polishing, and figuring 


wert a Draper-type machine,# 


mirror face up, using a 5” cast-iron tool. 


For fine ; 
glass were spindle-ground to fit the tool, 


grinding, squares of 1” plate 
attached with parafhn and used with 600 
UO4 fines 
polishing — was 


the final polish and 


carborundum = and garnet 


Preliminary done with 
Barnesite on pitch 
figure were obtained with rouge on pitch 

The figure of the mirror was tested at 
the focus using a perforated optical flat 


source in’ the arrange 


with a pinhole 
Phe beam splitter is a 


The light 


ment of Fig. 6 
semireflecting pellicle mirron 
source mirror, 


from the diverges to the 


is reflected to the optical flat, thence 
back to the mirrot 
the knife-edge This is a null 


whereby the mirror figure is correct when 


which focuses it at 


method, 


the surface illumination remains perfectly 


uniform as the knife-edge cuts the beam 

It is possible to set up this same kind 
of test with a flat that is not perforated. 
Then a diagonal of sufficient size is placed 


on the optical axis just in front of the 


t4omateur Telescope Makinge—Book One, page 


165 


Low-DIFFRACTION, 


PORTABLI 


TO PRimaRy 


REFLECTOR I] 


PERFORATED 


DP TICAL 


Fig. 6. 


FuaT 


The setup for null-testing the 


primary mirror with collimated light. 


flat to cirect 


the rays to the primary 


mirror, while the beam: splitter ts made 


smaller and 


moved 


closer to the dia 


phragm, outside of the parallel rays from 


the mirror to the flat. 


After 


mirror was 


having 


test,” 


microns and calibrated 
accurate to better 


given the 


using a dial 


aluminized, — the 
Platzeck-Gaviola 
graduated in 


been 


gauge 
against a screw 


than a micron The 


curve of surface irregularities is shown in 


Fig. 7, 


965 


was chosen as the best 


tween size and 
dlisk. 


mon 
well within | 


Except 


region ol 


Phe mirror 


where the 


was mounted on 


vero. line represents 


paraboloidal correction; this) value 


COTMPLOMIs¢ be 


brightness of the Airy 
at the edge areas, a com 
difficulty, the 
10 wave length of light 


figure 1s 


three 


polyethylene blocks, each 1” thick and 


” by 1”, under 


s 


a Masonite 


diameter of 7.837”. 


Masonite with 


ring 


projections — 120 


the 0.7 zone, and within 


turned to an inside 
\ retaining ring of 
degrees 


+ 


apart and clearing the edge of the mirror 


by 0.001% completes the cell. No de 


formation of the 


constraint o1 
found. 
Secondary 


blank was edged, 


samme 


blank 


in the 
mirro} 
1.240”. 


Journal, Optical Society of America Vol 


184-500 
Book 


pages 


Making 


thermal 


Mirror. \ 


manner as the 
The finished diameter. is 


mirror surface due to 


effects has been 
H-inch = pyrex 
ground, and centered 


primary 


Grinding was done face down on 


oy 
1929: 
Three, 


Te le v¢ ope 


pages 129-456 


frnatew 


Fig. 7. Here zonal read- 
ings of the departures 
from 96% paraboloidal 
correction are plotted. 
The curve has been 
drawn by inspection to 
show the approximate 
character of the mirror’s 
figure. 
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Conjugate fod are 6.2” and 15.6% trom 
the mirror surface, giving an amplifica LOW-EXPANSION 
» s ELLIPTICAL DIAGONALS 


tion factor of 2.5 

Although the curve is deep, with a , 
volume of glass to be removed in figuring 
approximately equal to that of an £3 


paraboloid of like diameter, all figuring 


was done by lishing Barnesite was 
1 eee oe MODIFIED RAMSDEN 
: used on a 3” star lap lo bring the surlace EYEPIECES 

ZS N : » } > ; 

Py to within about a wave leneth of the : 11, 9 

f ; true curve; this took four hours with a 
PINHOLE ASSEMBLY ow M ” 
igi ” elliptical stroke 4” off center I he 
; pale stroke speed was 20 feet per minute and 
Fig. 8. This arrangement was used fon 


; : the loading 0.6 pound per square inch 
null-testing the secondary mirror. 


Final figuring was done with rouge 


using both sizes of laps occasionally _ E )PTICAL co 

Se ee 240) z <BR ; 
t 4.5" cast-iron tool on a spindle at 24 pressed locally on waxed paper patterns 
( \ ! hs 








uo ys 
revolutions per minute, using 1200 car Se dam eamteed. Tweety tenee-o8. 8:40 pebssnt 
| : 9 J o : 
vorundum and UOT and CO garnet 15-minute periods were needed to bring ¢¢4040¢¢+¢ DELUXE PYREX ++++44¢+¢ 


fines. When roughing out was complete, 
; 5 5 the vortion of the ellipsoid used in ° ° 
the sil was spun lace up and glass caw thre axial Mave to | 10 ol al Reflecting Telescope Kits 





Caste ) t 7 ae » 
ister Cups were ground to Curve on the wave. As shown in Fig. 9, when figuring 


! x0 arl = 
nirror with 15 carborundum: — thes was stopped, some portions of the surlac 


cups were to be used later as polishers, serving the edge of the field still hav 
aor 
2!” in diameter and lwave errors Phe data of Fig. 9 were 


two of them being 
two 3” 

Phe polishing went well on the spindle ; <i VARIATIONS - SE ean. 
at 1200 revolutions per minute, using 
Barnesite and then rouge The curve 
obtained was spherical with a turned 


edge !” wide Phe mean radius of curva 
ture was 8.87” 


While the secondary was face up on 


the Draper machine, figuring was done oft : : : re 7 es aris : 
' Raced uieoioasaes ASHDOWNE BROS. 
with the caster cup tools cushioned with 
BO eet banecieneat ats ok.’ | Fic. 9. Fie cal — 18450 Grand River Detroit 23, Michigan 
by 78 ( , s oO : L « _@e » > i A 
( inc 1CeK ig. 9. Figure errors of the secondat $44-4444444446466464646444444444464 
with pitch — squares \n  epoxy-resin 





cement® was used between cork and 
glass, and the pitch was secured to the DAVI p S 0 N —wy 
cork with a thin coating of soft pitch Y, le be f 
5 D 
Festing of the ellipsoidal figure of e 4 CO) at 


the secondary was also done by a null 
method, illustrated in Fig. 8 The light EYEPIECES AND ACCESSORIES 


) 


source is a 2-watt zirconium are bulb - ; : - 
We have in stock for immediate delivery the finest 


quality eyepieces you can buy. These optics are made 
to precision standards and are identical to ones we 
have furnished to some of the large observatories. 


Phe pinhole assembly, placed at— the 
minor conjugate focus of the secondary, 
contains a 0.002” pinhole; behind this 
is an achromatic microscope objective 
(d-mm. focus, numerical aperture 0.65) These four-element eyepieces give a flat, beauti- 
corrected for uncovered objects. To make fully corrected field of view. They are also Par Focal, 
- obscuration as small as possible, this which means that if an object is in focus with one 
CECE Wah TEMOUMICE as @ crime eyepiece, it will also be in focus with different power 
O.58” in diameter, and the light from the . es : a 

; eyepieces. Each is made with ample eye relief for 
are source is directed to it by a small 
those who wear glasses. 


diagonal as shown in the diagram ; 
All eyepieces have hard-coated optics and come 


Lo obtain the best spherical correction 
in white light, the arc source (0.0045” 


bayonet type and lock securely into an adapter tube 
rear lens of the microscope objective. with just one-quarter turn. They are made in 11mm., 
The image of the light) source formed 16mm., and 22mm., focal lengths. All metal parts 
in the pinhole by the objective has a are black, anodized aluminum. 


o 


diameter of only 2) microns (0.00008”). 


in diameter) was placed 113” from the 


PRICES... Each 
; . Eyepiece with Cap (11mm., 16mm., 22mm. F.L.) $15.00 
during the = » : shag apueer: rie Eyepiece and Focusing Mount . . . . . . 25.00 
exit window is included in’ the opucal Adeguerteheedlys 2. 0. ss ee es OM 
train, so any error introduced by it) in Focusing Mountonly . . . . . . «+ ~ 12.50 
the finished telescope could be compen : 

sated for by the figuring of the secondary 
mirror. Lhe knife-edge is located at the 


ajor conjugate focus of the ellipse. ‘The *. 
ao cogadh Sy DAVIDSON MANUFACTURING a? 
‘Bonding Agent R-313, obtainable from Carl , 2223 RAMONA BLVD.. WEST COVINA, CALIF. U.S.A 


H. Biggs Co., Los Angeles 64, Calif. 


The pinhole issembly was supported 


with metal dust caps. Telestar eyepieces are of the i 


of merica'’s Finest Oplical Hants 
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Precision Diagonals 


You will get the best possible performance 
1 : f 


fused quartz di 
Ellipse 1.25” 
Ellipse | 
Pyrex 
Ellipse 
Ellipse 
Aluminum coating $1.00 extra 


end for list of other sizes 


mirror und mirror blanks 


EG&G W OPTICAL CO. 


2406 E. Hennepin Ave 
Minneapolis 13, Minn 











THE NEW GARTHOSCOPE 
6- OR 8-INCH REFLECTOR 


E, ONLY $310.00. 


@ 6-INCH COMPLET 
Without mounting 
@ s-INCH 


COMPLETE, ONLY $400.00. 
Without mounting, $240.00 


EYEPIECE ATTACHMENT 
WITH RACK AND PINION 


lakes standard 


tube 
sliding 
”; total mov 


ft gray or bl 


finish 
$15.50 


TELESCOPE MIRROR CELLS 
6”-$7.00 8”-$11.50 10”-$35.00 
BUILD YOUR OWN TELESCOPE 

Prisms Lense: 
Mirror 
Alurainizing 


Eyepiece 


ground t your rde 
with Quartz Coating 
Satisfaction Cuaranteed 

atalo 


Write for Free 


GARTH OPTICAL COMPANY 
P. O. Box 991 Springfield 1, Mass. 
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from measurements made at the 
(ATMA, 134) 
was aluminized. The 


derived 


center of curvature page 


alter the surlace 
secondary is being used off-axis, and these 
data indicate that it is quite satisfactory 
lor axial since only the 


Imagery, region 


between the vertical lines labeled “axis” 


is involved 
Plane-Parallel 


brand plate glass was examined in’ so 


Windows. — Crystallex 


dium light) between crossed polaroid 


filters and quarter-wave retardation 
plates for detection of strain patterns 
that 
window, 
O00 > cal 


until the 


Pieces of the glass were selected 
the exit 
with 
thick 
thickness was uniform within 0.001% — It 
then fine-ground 1200 


and polished on the spindle with Barne 


showed no. strain For 
a. <4” 


re ” 
borundum trom glass | 


circle was ground 


was with emery 


site, working both sides alternately I he 
final slow polishing was done with roug« 


on the Draper machine to) one-fringe 


deviation (4) wave) From this circle, a 


disk 


actual use 


biscuit-cut) for 


21” in diameter was 


it proved to be plane to! 
wave on each face and parallel to 0.6005” 
(40 seeonds of arc). 

For the entrance plate (Fig. 10), a 10.2” 
thick. It 


window of 


circle was cut from glass 5/16” 


was decided to make a mart 
mum precision in this case for occasional 
10-inch 


replace a 


use as a pinhole support tor a 
paraboloidal collimator, — to 


window made 20> years and known 


ALO 


to introduce detectable errors. For use 


in the telescope only, however, lowe1 
precision would have sufhced 

By working on alternate sides with the 
Draper machine, using 600 carborundum, 
and testing with a dial-gauge jig gradu 
ated in microns, parallelism of one micron 
with reasonable flat 


was easily obtained 


ness The disk was supported on a Cast 
iron flat and cushioned on thin dimpled 
rubber carpet backing for polishing and 
Kor the latter process, the rub 
. a iad 


channeled glass tool was used a la Ferson 


figuring. 
ber was lubricated with glycerin. 


(A7MA, page 95) for fine grinding, and 


a 63” by I” pitch-faced glass lap fon 


polishing and figuring. Rouge was the 


polishing agent. The faces were worked 
alternately. 
inter 


Testing for planeness was by 


ference against an accurate flat) sup 
ported vertically in such a manner that 
than | 20 


The final re- 


errors were less 
wave (ATMA, page 125). 


sults were checked by floating the planc 


presumably 


parallel on mercury covered with black 
filter 
between the 


and observing the fringes 


papel 


uppel surface of the vlass 


and the surface of a laver of clean water 
covering the plate 

For testing parallelism of the faces to 
10 seconds of arc, a pinhole was observed 
and the double 


at grazing incidence,? 


images were made to coincide by selective 
Review of Scientific Instruments (New Series) 


Vol. 7 


pages 216-217, 1936 


Fig. 10. A Crystallex entrance window 
supports the very small diagonal. 


polishing. Below this range, Haidinger’s 


(ATMA, 127) 
ploved. It impossible — to 


lringes page were em 


was found 
duplicate 
than | 


fringes varied as much as 


Hatness tests with a precision 
10 wave, and Haidinger’s 
half a 
during travel across the plate in’ certain 


better 
fringe 


azimuths, although no fringe movement 
than three 
Since no 


could be detected over more 


fourths of the paths traversed. 
in strain test 


birefringence was detected 


ing, the reason seems to be a slight in 


homogeneity in the Composition of the 
Crvstallex. 

The surfaces of the entrance window 
are probably flat to 110 wave and physi 
cal parallelism is one second of arc. “The 
lack of uniformity of the glass causes a 
path difference of much less than 1/10 
wave, as shown by testing a paraboloid 


at focus with and without interposing 


the plate In general, a telescope en 


trance plate should be satisfactory for 
critical work if the 
and flat to half a 


parallel tosfive seconds, and if the glass 


surfaces are smooth 


wave, if the faces are 
is tree from strain and striae. 

Phe plane parallels are mounted be 
tween | 16% sheet-cork gaskets, and then 
edges are separated from = the enclosing 


No anti 


reflection coating has been given. these 


aluminum rings by cork strips. 
windows I prefer to ignore the faint 
spurious images noted when a very bright 
star, such as Sirius, is observed to taking 
the risks involved in heating the coating 


after its deposition 


Note on Lap Design. To avoid zones 
as much as possible, draw on a disk of 
wood the facets and channels proposed 
for a lap, blackening the facet’ positions 
and leaving the channels light. Spin the 
disk in an independent lathe chuck and 
shift) the disk uniform 


results 


until the most 


Phen mark the center with 


eray 








a punch held in the tailstock kacets 
laid out in this manner are least’ prone 
to make zones. 

Diagonal. \ war-surplus prism, selected 
flor freedom from strain and tor flatness 
of one face, was ground to a cylinde 
I” long and 0.58” in diameter. The axis 
of the cvlinder was set 50 degrees to the 
chosen face, which was protected by a 
parathn-cemented cover — glass — during 
vgrinding. An annulus was biscuit-ground 
in the back of the prism and a Micarta 
rod was turned to fit the annulus. After 
the prism face was aluminized, the prism 
was adjusted for position as described 
below and held in position with lacquer 

Alignment. Good alignment is essen 
tial to good performance in a Jolinsonian 
telescope, and the requirements are much 
stricter than for a Newtonian. Each 
worker may have his) own preference 
for alignment procedure Phe following 
is mine 

\ collimator is set up using another 
paraboloid of any size with a 2-watt 
Arconium arc at the focus. The tele 
scope tube without the dewcap or ¢€h 
trance window is supported in’ cradles 
in front of the collimator 

\ circle of the diameter of the tube 
flanges is drawn on each of two sheets 
of hard but) translucent bond paper. 
Concentric ink circles 1” larger than the 
collimator mirror are also drawn. On 
one sheet is added a target of circles 1” 
to 13” in diameter in steps of 1” This 
target sheet is cut into a wheel with four 
spokes a? wide to support the target. 
The inside of the wheel is 1” larger than 
the collimator mirror. Both disks are cut 
out on the large circle and taped to the 
tube flanges, the target disk facing the 
collimator. 

Phe tube is made concentric with the 
collimator axis by observing the illumi 
nation of the paper disks by the colli 
mator beam (in a darkened room) and 
moving the tube appropriately. © Once 
aligned with each other in this manner, 
neither tube nor collimator should be 
moved. Rigid clamps are recommended. 

The unspoked mask is removed and 
the primary mirror in its cell is attached 





Fig. 11. Jupiter, photographed with 
the Selby telescope at 3:51 Universal 
time, on March 19, 1956. 















@ Three Eyepieces—40X, 64X, 89X 
@ 800-mm Focal Length 

@ 2%" Objective Lens 
@ Regularly $125.00 















REFRACTING 


ASTRONOMICAL TELESCOPE 
WITH TRIPOD AND CARRYING CASE 


Fully corrected and coated lenses atford maxi- 
mum brilliance and clarity. Heavily chromium sae? 
plated brass used in moving parts. Beaudtully 
finished duraluminum tube. Focused by means 
of rack and pinion. Erecting prism for terres- 
trial observation and diagonal prism for astro- 
nomical may be used with any of the eyepieces 
Fork type altazimuth mounting with tension 
adjustments. Includes View-finder with 4X 
crosshair eyepicce—Sun glass—Star diagonal 
eyepiece—Erecting prism cyepiece—Wooden 
tripod with chain brace—Complete in compact, hinged wooden carrying case. Weight of 
telescope, tripod and case—each approximately 6 Ibs. Total Shpg. Wt. 25 Ibs 


iH CIE EG I iitscssestcinisusinssnivesvessacetiesonesaionsaabaanaa sateen NET 69.50 
NEVER BEFORE AT THIS PRICE 30X ALL PURPOSE 
Famous Zeiss type 
IMPORTED DIRECT 
COATED LENSES 
PRISM 
BINOCULARS 


@ All-metal construction 
@ Individual focus 
@ Complete with leather 















TELESCOPE __, 
, at] 





case and straps Add 10% Fed. Tax 

F-182 - I.F NET 10.75 

F-105 I.F NET 14.95 

F-15 1.F NET 17.95 

F-183 CLF NET 20.95 

F-1864 C.F. Wide Angle NET 29.50 

F-103 1.F NET aa Be 

F-164 uF NET 

€-117 — CiF NET 23:95 @ WITH TRIPOD 
F-104 — 1.F NET 

F-118 - C!F NET 31.50 @ 40mm COATED ACHROMATIC OBJECTIVE! 
F-185 — C.F NET 37.50 


@ 59' FIELD AT 1000 YDS.! 





30 wo 60mm tac SCOPE) e« BODY OF DURALUMINUM AND BRASS! 


See the craters on the moon! Watch planes 






ships—birds and animals. Spot .22 calibre bullet 

holes at 200 yds.! Just in time tor vacationist 
. 7 . hikers—campers—- boating —bird watching—any 
Binocular type fo of the many warm weather activities. A ty pics al 
cusing. Prismatic Lafayette buy! Full two feet long closed—27 
lens system. Coated extended. Achromatic coated objective is 40mm 
lenses. Weighs only in diameter—clear aperture is 3Smm—or 2 
11 ozs., 122” long. Body diameter is 17g”. Lens erecting system 


Field of view is 85 
feet at 1000 yds. 
Spot .22 cal. bullet 


gives upright image. Focuses from 40 feet to 
infinity. Adjustable horizontal swing tension and 
adjustable azimuth tension knob. Can be used 


; 5 
holes at <2 yds with camera tripod. Smooth sliding draw tube 
Threaded metal focusing—with coated ocular lens. Complete with 
dust covers screws on over objective lens. Features 11144” tripod—bracket—Shpg. Wt. 5 Ibs. 
14” tripod and adjustable mount. Weighs only , 
oe ee See aE Vitis mais _.Net 11.95 





1% Ibs. including tripod. —* with leather 
carrying case, mount and tripod. 


F-149 . 








ABNEY CLINOMETER LEVEL 
| ho 


OF 
MT. PALOMAR 
GIANT A finely made Made cant hogar wo ~~ 
sional | Mad ss he 
TELESCOPE ar pa see level abe ye er r to dete ; 


mine ground elevation—measures degrees of slope 










® BAUSCH or inclination—run a level line—etc. Permits 
preliminary surveying with little or no experience. 

& LOMB Fine prismatic system. Arc scale is divided into 
REFLECTOR 60 degrees both sides of zero, Vernier scale reads 

: from 1 to 10 minutes. Arc swings from 0 to 90 
degrees. Used by farmers—builders—gardeners 


—caretakers—maintenance men—etc. Particularly 
useful in laying out drains—retaining walls and 
fences—driveways—fields etc. Includes leather 
A scale model of the Mt. Palomar 200 incher case and strap. Imported to save you 50% of 
and it really — een & —_ optically regular cost. Shpg. Wt. 3 lbs. 

ground and polished prime focus reflector lens. ' 
Approximately 30X just the thing for space F-138........-........- Net 8.95 














\ F224 Net 10.49 


minded children, Educational interesting ? NEW YORK.NY. | 100 Sixth Ave 

and fun to use. Rigid design of high impact eee 

styrene. Complete kit including instructions ( ‘. BRONX.NY 42 E E Fordham Rd 
and illustrated ‘Star Guide.’’ Shpg. wt. 5 Ibs. >) NEWARK NJ 24 Central Ave 
F-223 39 Re 

Fully assembled — ready to use, as described PLAINFIELD.N.). | 139 West 2nd St 
above but not in kit form, Shpg. wt. 5 lbs. Dept. SK-7 BOSTON.MASS. | 110 Federal St 





include postage with order 
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PYREX MIRROR 
MAKING KITS 


PYREX mirror blank wit 

ite glass additional Pyrex fe 

Six selecte ibrasives, pitch, rouge 
Diameter Plate-Class Tool 

6” $ 8.75 

: $11.75 $16.50 

$20.00 $29.00 

$36.75 $51.00 


sta i postal nes fror 


Pyrex Tool 
$ 9.75 


1 


EQUATORIAL MOUNTING 
vy ist-ir construction. Adjustable 


teel dec] 
steel dech 


* §46-00 
i for free catalog of optical supplies 
DAVID WILLIAM WOLF 


116-12 101st Ave Jamaica 19, N. Y. 











FOCUSING EYEPIECE 
HOLDER 


For 1'4-inch 
Eyepiece 


~~. 


SETTING CIRCLES 


$9.00 


Aluminum Brass 


CAST-IRON LAPS also available 


Ave Arvada, C 


0. MAGNUSSON 


Ww 
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reflects 
I his 


shimmine the 


to the telescope tube; the muirrot 


a bright coné of light on the target 


bright spot is centered by 


mirror support at the polvethylenc 


pads 
ind the lug ring 
The secondary mounted in 


lathe 


WirroOr as 


a centered chuck having padded 


paws and. is adjusted so that no wobble 


occurs during rotation when an object 


is viewed by reflection trom. the 


\ a? circle 


surlace 


Wirrol 


is then drawn on the reflecting 


with ink by a pointed brush on 


matchstick held in the tool post I hie 


mirror is then set in its mount, with the 
masks removed 
\ translucent 


mask 


centered ino the 


paper with a 1” 


central hole is EVEPICcé 


mount at the place chosen for the second 


ary focus, and the secondary is shimimed 


where needed to bring the reflection of 


the hole to the 


center of the circle 


when the worker observes the 
mask. The 


illuminated 
6” to 1” 


irra. 


through the mask and second 


is held 


ary are and the eve 


mask 


The diagonal is placed in position after 


from. the 


the mirrors have been aligned, with the 


collimator brought to the 
mask 


cocking and rotating the diagonal on 


image being 


center of the hole in’ the small 


its support Phis should complete align 


ment of the parts, and removal of the 


mask at the evepiece end will allow the 


reflection of the open end of the tube to 
secondary In its 


be seen in the correct 


will not interfere 


to thre 


place. “The 


diagonal 
Close 
field 
will be 


with but will be cone serving 


the edge of the Also, the point of 


Sharpe st. focus found where it 


belongs—centered and at- its 


proper dis 


tance from the surface of the secondary 


Collimator, arc, and diagonal will be con 
CCnUri¢ 
Should all of 


found, changes and 


these conditions not be 
realignment are in 
observe the 


field 


and 


orde! First, diagonal from 


the edge of the nearest: the open 


end of the tube move the diagonal 


lengthwise so that its edge barely touches 


the circular reflection of the tube 


end 
as seen in the secondary 


mask 


again 


| he nh, re place 


the evepiece tube and center the 


collimator image 


If the focus is too far from the second 


ary, the primary or secondary should be 


moved along its own axis away from. the 


diagonal. If the tube reflection seen in 


the secondary is to one side of the tube 


axis, the axes of the secondary and the 


primary do not intersect; the secondary 
be shifted around the tube to cor 


rect the 


must 
trouble. Shifting of either mirror 
will make necessary repeating of the en 
tire alignment procedure 

The troubles covered in the preceding 


two paragraphs will not occur if an accu 


Nores ON BAsic Optics 


The next installment of this 
series will appear in the August 
issue.—ED 


rate drawing of the system is made to 


match the mirrors alter they are finished 


and is followed closely in 


building the 
tube 
It the 


large as thre 


collimator miairror. ts 


primary, and aif it has an 
excellent figure, the 
checked lon 


tuting a fine pinhole illuminator for the 


aligned — tele scope 


can be 


definition by substi 


AWVCOMLU arc: Using the arrangement ol 


Fig. 8. Tf the pinhole is supported on a 


plane-parallel plat results similar to 


those found in observing a star will be 
possible without the effects of our turbu 
lent atmosphere 


nM. 2 


S15 


SELB 
Britain St 
San Diego I4, Calit 





THE MARK Ill 


Sidereal Telescope Drive 


Bodine 
Clutch 


Svachronous Motor, \utomatic 


\utomatic Sidereal Time Circle 
requiring no calculation for location of 
R.A 


Lifetime 


objects Indicator, Sidereal Time 


Indicator Quality, Precision 


babrication 


Ramsden Eyepieces 
Declination Circles 
Hour-Angle Circles 


Write for price lis 
H& W OPTICAL CO. 


Milw \ 











TRIPLES ‘SCOPE 
PERFORMANCE! 


wider field 
it higher powers! A. start 
ment | tively prove! 


1arype Mages, high 


First, the Goodwin Resolving Power lens 
placed in front of eyepiece gives three 
times the magnification on each by 
lengthening your primary focal length 
angle up to three times, yet extends eye- 
piece out no more than two inches from 
normal. This alone sharpens definition. 


Next, by achieving your highest 

on more comfortable low-power 
pieces, you lessen image _ deteriorations 
due to short-focus acute bending of the 
convergent beam, since all usual eye- 
pieces are f 1 or less. Again sharper 
images from this highest precision lens. 


Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of higher-power eyepieces. 


powers 
eye- 


The Re -OIVINE Power lens 1s ichro- 
math gives flat field shary 
thre edge Here Is istonishment! Price 
$17.50 in 4” long adapter tube fitting 
standard 14” eyepiece holders ONLY 
(but idapt ible to I nitrons only 
State if Unitron.) Money back if not 
positively thrilled after two 
ind praised by 


irp to 


. coated, 


weeks 
trial! Used 


No COD’s 


/ 


le gions! 


and Observa- 


Colleges 


Ores may o? PUrChASE 


FRANK GOODWIN 


345 Belden Ave., Chicago 14, IIL. 


orde 








Aluminum Telescope Tubing 
O.D LD Price Per Ft 

. 3” $1.20 
Ve 4 1.75 


134 2.75 
174 2.75 
\ll tubing 1s Ip pre POSTPAID 
Focusing Eyepiece Mounts 
Rack & Pinion Type 


£ 


NEW! JUST OFF THE ASSEMBLY LINE! 


, r 2% , ?P $12.95 
Never before has anything like this been offered at so low a price. Here is another 4 D. Tubir 12.95 
example of American ingenuity. Big 3” diameter achromatic coated objective which will ae ure 12.99 
give needle-sharp crystal clear images Focusing is a delight with the micrometer spiral . $ 9.95 
focusing drawtube. Light-weight aluminum construction throughout, black crackle finish. Al 4 L Cell 
length open 22 inches, closed 17 inches. This telescope gives an upright image — it is osieghaaer ons = 
WONDERFUL for astronomy, SUPERB for long distances, EXCELLENT as a spot Black Anodized 


ting scope t el Cell Fits 7 


\ PERFECT GUIDE TELESCOPE Special Price $57.50 








MOUNTED EYEPIECES mre : 
Each of these ey JAEGERS MOUNTED ASTRONOMICAL 


pieces is the buy of 


\ lifetime at a ter DOES IT TELESCOPE OBJECTIVE 
ritic saving to you 
Perfect) war-surplus AGAIN?! ; Air-spaced — f/15 
lenses set in black 
inodized standard We offer the lowest priced, hand-corrected, precision, American-made astronomic 
iuminum 114” O.D objective, mounted in a black anodized aluminum cell. Our reputation has | 
mounts lished over the vears as the most reliable source of high quality astronomical lens 
PRICE 
$ 6.00 “Those in the know’’ BUY FROM US BECAUSE: 
12.50 
12.50 1. Hand-corrected 
6.00 2. Air-spaced 
6.00 3. BLACK ANODIZED ALUMINUM CELL 
12.50 4. Precision Mounted Ready to Us 
8.00 5. Color-corrected 
6.00 6. 3%” or 444” CLEAR APERTURI 
COATED 7. 48” or 62” FOCAL LENGTH 








xtra S Quality Can't Be Beat 
AN ECONOMICAL a ae 
EYEPIECE ; 


5 ylerances s 
inting problems 


314” diam., 48” f.1. (uncoated $28.00 $2" diam i 
me as above with coating $32.00 Same as above with « 
We can supply ALUMINUM TUBING for the above 


. ie “BIG’’ ACHROMATIC TELESCOPE OBJECTIVES 
GIANT = We have the largest selection of diameters and focal lengths in the United States availabl 
WIDE-ANGLE I for immediate delivery _These are perfect magnesium-fluoride coated and cemented Gov't 
surplus lenses made of finest crown and flint optical glass. Not mounted. Fully corrected 
EYEPIECE Tremendous resolving power. They can readily be used with eyepieces of only 
length, thereby producing high powers. Guaranteed well suited for astronon 
scopes, spotting scopes, and other instruments. Gov't. cost up to S10 
Focal Lengt lack Diameter I 
10” $12.50 
+9" 12.50 
12.50 
9.75 
12.50 
12.50 
12.50 
12.50 
21.09 
ens per (3'9” 495 mm (191%4" 28.00 
highest Gov't. stand (3. 3/16" 2 mm (2414" 22.50 


1 supply ALUMINUM T 


citie 








‘““MILLIONS” of Lenses, etc. 
Free Catalogue 


—am, 4. BORBGERMS sae 








itistaction guar 
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‘Questar 


pORATION 


vaNia 


cOR 


wew MOPE PENNS” 


ement 1 Sky 


years we 
lity 

we have 

ere sting 

soon tO be 
and to 


» two 

a, with qua 
of work, 
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negie te t many ) int 
about Questar: h ed cap4‘ ity, 
> tell you ™ about how Quest4 
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QUESTAR CORPORATION 
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Just two years ago we brought you 


A PIECE OF THE FUTURE 


It was a small piece, to be sure, but it was a lovely one, the first new kind of telescope with the 
optics of tomorrow. This new optical system, the mixed lens-and-mirror, or catadioptric type, ts 
a challenge to the optical engineer. With skill and daring, Questar met that challenge and came 


up with an unbelievably short {2 Cassegrain design that is a rather wonderful thing. 


True, itis mighty hard to make — nobody makes this one on the kitchen table. [ts 3.8” 
diameter mirror has to be accurate to 1 64 wave, and it has a radius controlled to better than 
1 1,000 part of its length. It is tough to make — but what a telescope vou have when vou get it 
made! 


R 
You have a telescope of 89-mm. aperture that hasn't a trace of a rainbow left, and that tolds 
seven feet and more of effective focal length into its 8” tube. You have a telescope that holds its 


own with 1” refractors, and with those of only 3-15 16% (100-mm.) aperture. 


It is tough to make, but it’s a tough little, sharp little telescope — it’s a Questar! Think 
What it means to throw away that hundred pounds of useless weight and counterweight; what it 
means In convenience and portability and fun for you. No longer do vou have to be a weight 


lifter to use the definition of a 4” refractor. 


Phink what this means in smoothness of electric drive, where the drive wheel's diameter 
can be almost half the entire leneth of the driven tube, whose weight is reduced to ounces! 
Think now how sturdy and stable a 614-pound instrument can be the size and weight of a re 


search microscope! 


And think of what you can do with a better-than-theoretically perfect {12.1 telephoto lens 


of 1,077-mm. focal length, one whose infrared focus is the same as the visual! 


We thought of all these things, and many more, and the 10)¢-pound portable package 


that is Questar is the result. 


Until vou get vour hands on its velvet-smooth controls and see for voursell what we have 
done, we can only talk about it. But the wonderful thing about making the incomparable Ques 
tir, the finest and most versatile telescope in the whole wide world, is that we don't want you 
simply to believe anything we say about it, for the instrument itself can be proven for perform 
ance anywhere, any time, and by anybody. All the talk in the world cannot make the perfect, 


hard, round, sharp diffraction images that each Questar delivers. 


We believe, as do so many Questar owners now, that at the price of $995 delivered complet 


Questar is the greatest value obtainable in a fully mounted telescope. 


We believe it is the one you will use constantly, and take with vou wherever vou go. Stand 
ing alone in its field, it is the only telescope vou are likely to want to keep always, no matter how 
many other sizes and kinds of instruments vou may acquire. For this reason, Questar is very often 
the soundest and most conservative Investment that a man can make tor more than a lifetime ol 


enjoyment. 


De Luxe Questar with all accessories, $995; reservation $300; Questar Field Model in case. 
$495, reservation $100; Questar 40x Eyepiece, $20; Questar Wide-Field Erfle 80x Eyepiece, $25; 
Questar kyepiece Adapter Tube, $6.00 (only one required); Questar Sun Filter, $25. All shipped 


msured and prepaid in the continental United States. 


QUESTAR CORPORATION e NEW HOPE e PENNSYLVANIA 
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THE SRY 
ws YOURS 


JAL38999 SP, 
TELESCOPE 


A superb telescope, the BALscope, 
Sr. has more than sufficient resolving 
power and magnification for both in- 
struction and personal enjoyment of 
amateur astronomy as a hobby. Its 
high light-gathering power and lack 
of stray light enables the user to ob- 
serve stars down to the tenth mag- 
nitude on moonless nights. 

You'll enjoy its excellent portabil- 
ity, too. So compact, you can carry it 
anywhere and mount it on any pan- 
head camera tripod with B&L tripod 
adapter. Focusing is simple yet pre- 
cise with its unique prism-focusing 
even the beginner can 
Four 


system 


focus with perfect accuracy. 
easily interchangeable eyepieces 
ranging from 15X to 6OX provide ex- 
cellent results—from Star Clouds to 
Double Stars. 

BALscope, Sr. is also the finest ter- 


restrial telescope available. 


BALscope, Sr. with 15X, 20X, 30X 
or 60X eyepiece 


$115.00 
$25.00 


$ 6.85 


Extra eyepieces, each 


Tripod adapter (permits use of 
BALscope, Sr. with any pan-head 
camera tripod) Soe ccaes 


WRITE for telescope book 
G-36. Bausch & Lomb Optical Co., 


07 Lomb Park, Rochester 2, N.Y. 


new 


BAUSCH 6 LOMB 


SINCE 1853 
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OBSERVER’S PAGE 


Universal time is used unless otherwise noted, 


in diameter, almost lost against the 


DEEP-SKY WONDERS is 4” 
UST BELOW rich Sagittarius small starcloud. 


Scutum, and ne difheult to 
telescopes of medium focal ratio will show 


and to the west. of It is often 
ar the Sagittarius small locate on photographs, but 


starcloud, lies a region commonly disre 


unateurs and handbooks alike it readily, 


earded by 
Yet it) contains Messier 
and a profusion of rich Milky Way fields 
Here lie M16, M17, MI8, M24, and NGC 


65601, but the reader will them 


Just to the west lies B92, one of Bar 


several objects, 


nard’s dark nebulae. Tt is an unusual jet 
black patch, 15’ by 97 in size, with a soli 
tury T2th-maenitude star in its center. 
When rich-held tele 


scopes will readily show the existence of 


not find 
Smyth or in) Webb, and 
MII7 M24. Stull 


they are worth the trouble of digging out. 
At the 1950 () Seldom included in lists of galactic Clus 


13° 18%, the 7th-maenitude galactic clus NGC 6501 (labelled 548 in’ Norton's 
ter M16 (NGC 100 Itlas) is still worth inspection, a loose 
stars and a few wisps of intermixed nebu 
losity MI7Z (NGC 
16° 12% is a bright dithuse 


spreads over a larger area than the moon 


seeing is excellent, 


described = in 


Barnes plots only and 


this obj ct 


co-ordinates T8" 16 
ters, 
over 


6611) contains 


scattering of stars most impressive with a 


6618). at 18" 17™.9. lO-inch aperture or more. Tt lies at 18" 


that = 07".6, 16° 49% Comparing this object 
the 


Barnard’s 


nebula 


and the others, on accompanying 


Itlas, 


their visual aspects in the telescope will 


It is variously known as the Omega and photograph from with 


the Horseshoe nebula. Overpowering on 


show that both methods of observing have 


photographs, it retains much of its awe 


their advantages. 

WALTER SCOTT HOUSTON 
its details Rt. 3. Manhattan, Kans 
there is MIS 
O9U% a 


even in small telescopes, especially during 


wrolonged study. T have found a Barlow 
] i 


lens useful in observing 
south 
Vat 17 


diameter, 


Less than a deeree 
NGC 6613), at 18 


oalactse 


JULY METEORS 

One of the 
the Delta 
able at the end of July 
Oth, 


Cluster only 7% in but more active meteor showers, 


favorably located against the somber back \quarids, is favorably obsery 


eround of dark nebulositv. \nother clus Maximum actis 


ter, M21 (NGC 6605 15™.5; 18° 267 ity smaller 


is due on the but num 


All of the deep-sky wonders described above (except M16) can be found on thi 
reproduction of part of Plate 31 of Barnard’s Milky Way atlas (1927). North ts 
above, and the scale is 0.7 degree per inch. The Omega nebula is the prominent 
bright cloud in the upper left corner, and M18 lies 1} inch to its lower right. 
The conspicuous black marking } inch above the middle of the lower edge of the 
field is B92, and M24 is an inch to its left. NGC 6561 lies 15 inches below the 


top and } inch from the right edge. 





bers of these medium-speed meteors can 
be seen a after. ‘The 
predicted peak rate is 20 per hour atter 


week before and 
midnight, but may be lower since the last 
quarter moon will be rising, in the Pisces 
Aries region. The radiant: point of the 
Delta A\quarids is 22" 10", 15 

E. O 


STAR PHOTOGRAPHY 
WITH A SIMPLE LENS 
\n ordinary plano-convex condense 
lens is perhaps the simplest means of ob 
taming a usable photograph of a moder 
ately large area of the sky. “The accom 


panyving picture of Orion demonstrates 
the capabilities and weaknesses of this 
method. 

It was obtained with an {1.7 condenser 


lens of about seven inches focal length, 


stopped down to £6. To minimize astig 


matism, the curved surface of the lens was 


turned toward the film. Guiding was by 
hand, with a modified 7 x 50 monocular 
fitted with crosshairs of No. 36 wire. ‘The 
guide star was brought back to the inter 
section of the crosshairs about once every 
10 seconds. 
Several 


apparent in the photograph. 0 star im 


types of lens aberrations are 
age formed by the lens consists of a bright 
core surrounded by a larger and. fainter 


disk. For the 


disk registers, but faint images consist of 


brightest: stars the entire 


core alone; stars of intermediate bright 


ness show both features 


Mr. Fisher used a simple condensing 
lens for this 23-minute exposure of 
Orion on Super-XX_ film. 


Phis picture should be compared with 


Hans Pfleamer’s photograph of Orion on 


March issue, made with 


page 234 of the 
a camera of Comparable speed and focal 
not-too-different 


difference is Mi 


leneth, and a exposure 


time. The 
Pfleumer’s use of a corrected lens. 

PHILIP C. FISHER 

1095-B Svcamore St 

Los Alamos, N. M 


HN port int 
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THE TRECKER SCOPE 
Made in the U.S.A 
with a 20-Year Guarantee e e e 
SUPER-RIGID MOUNTING 


massive aluminum cast 
ings, 1'4-inch shafts. Sur 


For the first time a self-con- 
ntrc 


ASTRO-FIX 
tained d.c.-powered unit. Rheostat c 
featuring constant speed for regular stellar 
observation plus increased speed at your 
fingertips for tracking fast-moving objects 
May be obtained on al! mode 


{41 TRECKER SCOPI models are thre 
pinnacle of precision craftsmanship De Luxe 
I ] 

models also feature clock drive, setting circles 


} rae 
and fully rotatable tubes 


ACCESSORIES 


MIRROR CELLS Skeleton type 
6-inch $6.50 8-inch 


FINDER SCOPES 
cusing, crosshairs, 
way alignment 


$10.95 


Equipped with helical f 
and mounting with three- 


$18.50 


STAR DIAGONAL! '4-inch with reducer 
for Unitron refractors $12.95 


FLEX-LINE CONTROL—-For polar axis of 


Unitron refractors, quick-attachment, 3-foot 
and 6-foot. Order by size of telescope 
3-foot $14.95 


6-foot $17.95 


COAST INSTRUMENT. INC. 


prisingly light—¢ or 8 
inch scope about 5 
pounds 
RETRACTABLE BALL 
BEARING CASTERS 
crew-down legs 
FIBERGLASS FEATHER 
LIGHT TUBE 
FINDING SCOPE 
bjective—helical focusing 
SYNCRO-MESH RACK 
AND-PINION FOCUSING 
SYSTEM 

SUPERB OPTICS—f /8 pa 
abolic pyrex mirrors 
guaranteed |'e wave and 


to resolve to Dawes’ limit 


O-mn 


good nights 
COMPLETE PORTABILITY 

assembled or disassen 
bled in minutes 
OCULARS (EYEPIECES 
any three of these eve 
pieces 28-mm mn 
4-mm. orthoscopics 6.8 
mm Erfle—c any tw 
evepieces and a Goodwir 
Barlow lens 
CLOCK DRIVES— standard 

O-volt or the fabulou 
ASTRO-FIX 
MANUAL 
CONTROL 
EXPOSED FOCAL PLANE 
for complete ease in as 
trophotography 


FLEX-LINE 


6-inch 


23 years in the optical business 


4811 Long Beach Blvd., Long Beach 5, 
OR PHONE GArfield 2-341] 


Exclusive International Distributor 


WRITE—WIRE 


Calif 


r NEvada 6-76 





OPTICAL FLATS 


Pitch Polished, Beral Coated. 


Rectangular shape 
] <> a ‘i 
1/2 wave $1 t 
1/4 wave $4 
Postpai 
Elliptical shape 
Heavy edges t 
ter rat 


Y than 
BERAL COATINGS 
teristics 4 4iulmniniuy 
durable 
without 


I > Kit 


M. E. CLAUSING 
SKOKIE, ILL 


ich, 


LEROY 
8038 MONTICELLO AVE. 








Everything for the 


AMATEUR 
TELESCOPE MAKER 


Send for FREE Price List. Instructions, 10¢ 
@ LOW PRICES e 

$4.50 and up 

ALUMINIZING 

Will not "Peel oF Bist 


KITS 


Mirrors 
Made 
To Order 


Prisms Mirrors 
Eyepieces Tested 
Accessories Free 


We have bee upt imateur 


Precision Optical Supply Co. 


1001 E. 163rd St., New York 59, N. Y. 











6-inch De Luxe 


8-inch 
10-inch 
122-inch 


| 
$295.00 
$495.00 
De Luxe 
$575.00 


875.00 
1,150.00 


Standard 
$375.00 
675.00 
995.00 
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( AST 


RADIO 
RONOMERS 


RADIOMETERS OF THE FOLLOWING 
GENERAL CHARACTERISTICS ARE NOW AVAILABLE FROM 


ny 





FREQUENCY 
RANGE 


RECEIVER 
INPUT 
NETWORK 


TYPICAL 
NOISE 
FIGURE 


IF 
AMPLIFIER 
CENTER 
FREQUENCY 
(if used) 


IF 
AMPLIFIER 
BANDWIDTH 
(if used) 


RECORDING 
SYSTEM 
TIME 
CONSTANT 





10- 900Mc 
600-10000Mc 





RF 
AMPLIFIER 
XTAL MIXER 





1-7 db 
7-8.5db 





30,60 Mc 
others on 
request 





0.5,1.0,3.0 Mc 
others on 
request 





0.2 to 
60 SEC. 
variable on 
request 








$24 


As non-sampling Radiometers these receivers exhibit drifts of less 
than 0.02db over a 2 hour period. 





Systems for measuring effective antenna temperatures from absolute 
zero to 30,000 Deg.K are available on special order. 





Swept receivers in the range 50 to 600 Mc for spectrum analysis 
can be supplied, each covering 2:1 frequency range. 


Solar Spectrum Analyzer 
Designed and Built by AIL 
to cover the range of 90 to 580 me. 


SKY AND 


We invite inquiries concerning your 


particular requirements. 


AIRBORNE 


INSTRUMENTS 
LABORATORY 


160 OLD COUNTRY ROAD, MINEOLA, L. 1., N. 
Ploneer 2-0600 


Levescorr, July, 1956 


TRANSIT OF EUROPA 
ACROSS GANYMEDE? 


N the evening of May 3, 1956, at 
O 1:00 UT, TE made a routine obser 
vation of the configuration of Jupiter's 
satellites with my 35-inch Skyscope reflec 
tor at 120x, and noticed that HE (buropa), 
HT (Ganymede), and the center of Jupi 
ter’s disk lav almost on the same line 

By 4:10 it became certain that TED, the 
brighter and larger, would soon overtake 
II, possibly passing directly behind it. The 
configuration diagram in the May 


showed that IP was very near eastern clon 


issuc 
vation, and hence almost stationary; TIE, 
moving in a larger orbit, would still have 
There 


fore I decided to stay at the telescope and 


an appreciable eastward motion 


watch. 

At 5:15 the satellites were barely sepa 
rated, with PID still west of IT. Seeing was 
good, about 6 on a scale of O to LO. The 
two images scemed to join at 3:18, and 
the brightest part of the Combined image 
was to the west. By 5:30 the combined 
image was round, and about as bright as 
Ganymede alone At 5:17 the image be 
gan to clongate, but with its brighter por 
tion now to the east. Thirteen minutes 
I was certain that, if a transit had 


At 6:12 the 


oby iously 


later 


occurred, it was now over 


two satellites were very sepa 


rated, even though the seeing was poorer 
because Jupiter was then low in the west 

With my small telescope, TE could not 
be certain that an transit’ of TI 
icross the face of TED took pl 1c 
other 


and better seeing were able 


actual 
Perhaps 
observers with larger instruments 
to settle this 

FRANCIS 
SOS Wilcox 


Be Ilwood, Il] 


question \I 


AURORAL OBSERVATIONS 


\s solar activity steadily mounts to 


ward the maximum predicted for next 
vear, displays of the northern lights should 
become more frequent and more striking 
Dr. J. R. Otoupalik, Greeley, Colo., saw a 
bright aurora for two hours on the eve 
April 26th, although the moon 
full. 


northern 


ning ol 
was only one day past Spreading 
completely across the horizon, 
the glow had reached as high as Polaris 
before bright) moonlight 
\t Lindstrom, Minn., 


John Gilcreast reported a strong display 


increasingly 
ended the spectacle. 


the next evening, extending nearly to the 
southern horizon, despite hazy skies. 
On May 23rd, one solar rotation later, 
members of the Amateur Telescope Mak 
with 
next 


observed an aurora 
pm. EST the 
Mass., Samuel 
part OF 2 


ers of Boston 
red patches. At 9 
Wevmouth, 


auroral 


night, at 
Gardiner saw Vays, 
bright display, extending southward of 
the zenith 

All the foregoing displays thus seem 
due to one active region on the sun. A 
large sunspot group in latitude 20° south 
was near the central meridian of the sun 


on May 24th 
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} 
rE | SUN 
= 
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EQUATOR 
CAPRICORNUS 
west 


MERCURY W VENUS 8 

MARS & JUPITER 

SATURN @ u 
NEPTUNE @N 


Canis MAJOR 


SaciTTamus 


1 / 
7 Sconpws 
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THE SUN, MOON, AND PLANETS THIS MONTH THE GREEK ALPHABET 
The sun, on the ecliptic, is shown for the beginning and end of the month. The belehie® naked-eve stars are olten 


The moon's symbols give its phase roughly, with the date marked alongside. ; 
5 5 8 designated by their Greek-letter names 


Each planet is located for the middle of the month and for other dates shown. ‘ 
such as x Bootis for Arcturus, particularly 


Mercury may be viewed in) both the Uranus is not visible in July, as it isin) on star maps. Readers may find the tol 

morning and evening skies in July, but conjunction with the sun on the 25th lowing list useful for reference 

with difficulty. During the first week the Neptune can be located with binocu tiie hike Rho 

planet rises about one hour before the — Jars during evening hours only. ‘Vhis 8th ‘ Be i . k a i. : Sina 

sun, and is of about —0.5 magnitude, Su magnitude planet begins eastward mo GC cae a) fk | ai 

perior conjunction occurs July 19th, and tion on July 9th, but its position Changes Delta , Mu I ee 

by the month's end Mercury sets some 45 very litthe during the month. On the 15th Epsilon 3 Nu bg 

minutes after the sun, at magnitude —1.0 its right ascension is 13" 44.9, declination ‘Sad : ON; Chi 
Venus becomes visible in the morning 8° 59% (1950). Neptune passes eastern Bes Omicron Psi 

sky at the beginning of the month. On — quadrature with the sun on July 20th ) Theta - Pj Omes 


the dth, it rises an hour before the sun, kK. O 





its narrow crescent an interesting tele 


VARIABLE STAR MAXIMA 


scopic sight; the disk is 54 seconds of are 


in diameter, and only five-per-cent illumi July 5, Ro Aquilae, 190108, 6.3: 6. 1 Complete Telescopes 
nated. By the end of July, Venus rises Ursae Majoris, 123160, 7.9; 18, S Virginis, 6” as illustrated $660 
three hours before sunrise, and the area — 132706. 7.1: 23. TD Normae. 153654. 7-4 Supplies 


of illumination has increased to 29 per 29, S Carinae, 100661, 5.7; 29, R Dra Remeden 
RV Sagittarit, Eyepieces 


cent. Greatest brilliancy occurs on July contis, 163266, 7.6: 31. ag 


20th, at magnitude 1.2 182133. 7 $6.15 pestpeld 


8 : 
re 7 Eyepiece and 
2, I Aquarii, 204405, 7.9; 4, S Prism Holders 


Mirror Cells 
Finders 


Mars rises about 2) hours after sunset \ueust 
in midmonth. Moving eastward in Aquat Pegasi, 231508, 8.0; 10, R Canum Venati 
ius, the brilliant red) planet brightens —corum, 13-4440, , 
from magnitude 1.0) to 1.8 during These predictions of variable rod 1 ar sere St 
July. The Martian disk is 20” in diametet ne ™ Bins ei bots ly Pes} eee eee a $100 up 
on the 3ist, discernible as such in small magnity 8.0. me, but not t them, at Prisms 

nearly wright maximum ty t el Write for 


tele sSCOpes. etore ind after t lates 1 _maximum } price list 


of the 


Jupiter will be visible only during eve neat whi h the m rani aha ) occur, th 
ning twilight, low in the west. On July pi eer aah eae ye v7 ad four fe aol Abe ; C. C. YOUNG CO. 
8 1, Tea nena MW We ve Sas tore . pee 25 Richard Road, East Hartford 8, Conn. 
3rd the planet passes 31’ north of the star e¢ I it : 








Reeulus, in the last of a series of three 
sia i teaaaiaiat Read This Advertisement 


Saturn sets about midnight, local time Here is a combination of a Barlow and a particular ocular which 
It consists of our new Barlow and our 16.8-mm. (24” focal lengtl 

P  e Oo Vy. e plane ; ae ; : +73, 

ut the ; nd y Jul I h | inet ¢ nds Barlow was not specifically designed to work with this eyepiece, 


All images are sharp and hard to the very edge of the 





retrograde (westward) motion on the 31st, degree 

. The Barlow gives magnification up to slightly over three times that 
. ore ; ‘ ’ ) 

when it is about four de grees south of It is achromatic, coated, and mounted to the U.S. standard size of 1.25 


Gamma Librae. In midmonth Saturn The Erfle ocular has a field of approximately 68 degrees with exceller 
‘ ; ) yives the f l length of slightl nder 6 mm. Manv 
1 ~ n . ce mbination give the equivalent toca engtn nghtiy under mm Ala 
shines at magnitude 0.6, and the plane far superior to any shorter focal length ocular of equivalent magnificatior 
of its ring system appears inclined 23°.7 The Barlow sells for $16.00 postpaid, and the Erfle for $14.7 


teed to perform as above stated or money refunded 


ORTHOSCOPIC OCULARS—AIl hard coated, standard 1'/4-inch outside diameter. 


oe ani . = 28-mm. $15.00 10.5-mm. $16.25 4-mm. $17.25 
UNIVERSAL TIME (UT) 16.8-mm. (Erfle) $14.75 7-mm. $17.25 Barlow 3x $16.00 

rIMES used on the Observer's Page are Greer 

wich civil or Universal time, 1 otherwise - 

noted his is 24-hour time, from m rht to mid arranted to equal or 

night; times greater than 12:00 are p.m. Subtract @ CSCO (CS able anywhere 

the following hours to convert to standard times in 


the United States: EST, 5; CST, 6; MST Finished mirrors, mirror. kits, 


PSt, § If necessary, add 24 hours to UT be- 1000 North Seward Street Hats, focusing devices, a 
fore subtracting, in which case the result is your i 
Los Angeles 38, Calif. Send for catalogue. 


standard time on the day preceding tie Greenwich 


date shown 


to our line of sight 
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ASSEMBLE YOUR OWN 
3” REFLECTING TELESCOPE 
with this 
COMPLETE, 87-PIECE 
Do-It-Yourself KIT! 


easily assembled 


$29.50 f.o.b. 


Stock +85,025-Y 





Liquidating 
Stock of 
U.S. Gov't. 
Telescopes! 
YOUR CHANCE 
TO PICK UP 


AN EXCELLENT 
BARGAIN 


M-17 8-POWER 
ELBOW TELESCOPE 


$200 Value for Only $12.50 Postpaid 


Big 2” Objective—Keliner Eyepiece—Amici Erect- 
ing Prism—4 Built-in Filters—Reticle Illumination 


EDMUND SCIENTIFIC CORP. 


July, 


$12.50 ppd. 


126 SKY AND TELESCOPE, 1956 


‘i aainess 


HEAVY DUTY EQUATORIAL 
MOUNT AND TRIPOD 


M-70 3-POWER 
TELESCOPE 
A $75 Value for Only $7.50 for 6”-8” 
Made of sturdy steel and brass — weight 


REFLECTING TELESCOPE 
5 pounds. wine 222 12° 19’ field! 


Heavy cast base with = 
Bl thronuwhout sturdy 32” long hard- 
ity instr oughout. apeaniee 1? atta. A 


a leading optical manufac- “pares haawine 
onsis of a Kellner eyepiec . . carings 
omatic provide a uniform 


fim of lubrication over 
bearing 
smooth op- 
erat ion. sig locking 
knobs 1%,” on both dec- 
nation and polar axes 
Polar axis variable for 
atitude adjustment. 12’ 

radle securely holds 3” 

tubes Beauti 
inished in baked black 
aay ise lip can be removed easily for permanc 
AaB oe Ne Mes) ing. Height 38”, weight 32 Ibs 


alone would co t 
Stock = 85.023-Y 


SOLAR ENERGY ITEMS 


iment 
rronze 

erector lenses, | achr 
-mm. diam.) ind a prot 
w-reflection ccated Also 


ective , 
tics are ]} entire surface 
r evyeruard and assure 


to 10 


rink'« 


$49.50 f.0.b 








; oo the eyepiece 
for an astronomical tele » 
protective absorbent, exactly as received 
from Army (new or near new) $7.50 ppd. NEW! BUILD A SOLAR 
Stock +80,051-Y Telescope only (used— ENERGY FURNACE! 
good condition) $4.00 ppd. 
unting ring m our standard 7-power your wn Solar Furnace 
can t ised or Ve above M-70 telescope p tor experimentation—many 
Stock =50,075-Y Ring mounts per pair $4.95 ppd brs “ _— <a ‘far. 
NEW! Ay ae ho 
STATIC ELECTRICITY ? luces many unusual fusing 
mit , sun will set paper aflame 
GENERATOR YY in fess than 14 minute 
- page N 


Stock +80, 055-) Y Completely boxed with 
+ - Fascinating new field. Buil 
h instruction sheet. This 
effects And the mn ontime 
Z magazine 
Vakes Electricity Come to Life 21, 195 


g spark dis- # 
size 1134” x 
$3.50 ppd 


Stock +80,040-Y Fresnel Lens, 


161.”"—F.1. 19 





NEW BOOK! 74 Pages! 


of Selenium Photocells and Sun Batte 
technical information <« 
including many r 


chine. Now for the first ‘The Uses 

time you can own such iM es” contains much 

a machine at our amaz- 1 ay ; enerating devices 

ingly low price 

made stands 14” hig - 7 t 

rurn the handle an | ; 

9” plastic dises ri 
ite directions 
or brushes pick up 


» Leyder 


cations ich as light beaming 


‘Ircults 


stash +9230-Y 


switch metering device 


$1.50 ppd. 





the static electricity, store 
-jJar-type condenser intil dis- 
mping spark You ean light elec 


a So ee ee “SOLAR ENERGY RESEARCH’”’ 


tricks and experiments or test By Varsington Daniels and John A. Duffie 

ectronic idea. Included wit ; plu sad wna and plates, This book 
chat ger, 2 luminous plates fia Hiet oi nutsic in ths 1s may be 
all » ¢ tric whirls and ir 


11s 
; Y sae ey JACK not de- 


$10.95 ppd. 


itilize solar 
$4.00 ppd. 


Stock +70,070-Y Stock +9231-Y 





Exceptional Buy In A Complete, Assembled 


6-INCH REFLECTING TELESCOPE 
40X, 60X, 120X, 150X, 300X 


equatoria mour NE 
é r im he ad ance 


side Rack-and- 
7X achr ymatic 
f Pyrex 
inized and ov 
limit of res« 
aluminum 
a Got ombinsz 
A Barlow 
OX. Shipping v 





Stock +85,024-Y $245.00 f.0.b. 





Achromatic Astronomical 
Telescope Objectives S P I T Z 


Real Quality at Bargain Prices E 
Vake Wonderful Refractors 


For three years we checked U.S., German, and Japanese 
manufacturers looking for one who could produce really 

good telescope objectives at a low price. A few times we \ precision-made 32-power reflecting telescope 
ordered samples, only to be disappointed in quality or final by makers of Spitz Jr. Planetarium. Clearly 
price. Finally, we found a Japanese optical engineer who 
lesigned some excellent astronomical objectives. We 

rders with him. He then has these made, checking each Jupiter, other wonders of the heavens. Based 
me for qualit Thus, we are able to offer objectives we 
believe to be as good as those selling for two or three times 
our price Stands 36” high on removable legs. Adjustable 
Our 3” and 4” diameter objectives are air-spaced achromats, 
iS air-spacing gives the ns designer four surfaces with 
which to correct aberrations, instead of only three as in a iltazimuth mount rotates on full 360° circle 
‘emented achromat. The results are a beautiful, color-free 
image, sharp, clear, with very flat field, and no bad zones, and 


full correction against coma I8-page instruction book is included. Instru 


reveals the craters of the moon, shows Saturn, 
on same principles as world’s giant telescopes 

polished and corrected mirror. Fork-type 
swings to any location in the sky. Fascinating 


Stock No. Diam. F.L. Price Comments ment packed in sturdy carrving case 

30,166-Y ar 45" $28.00 Not coated 

30,190-Y E ug 45” 32.00 Coated Stock +70,068-Y 

50,106-Y 4” 60” 60.00 Not coated ' $14.95 ppd. 
50,107-Y 4” 60” 69.00 Coated on four surfaces 


ee 1X — FINDER TELESCOPE —- ACHROMATIC “MAKE - YOUR- OWN’ 414” MIRROR KIT 


Stock + 50,080-Y Finder alone, less ring The same fine mirror as 1 in our Palomar, Jr 
: mounts $9.95 polished and aluminized nses for eyepieces and 
Stock 250,075-Y Ring mounts per pr., $4.95 diagonal. No metal parts 


or 4” objective 


> for 3” objective 
LOW COST, LONG F.L. ACHROMAT 


Stock 230,187-Y 50” F.L., 2” diam.. coated ASTRONOMICAL TELESCOPE TUBING 
$12.5 . 
ae wee Stock No 1D. O.D. Leth. Description Price 


80.038-Y 5M” 16”) Spiral-wound § $2.50 prada ty P NE | 
Rack & Pinion Eyepiece Mounts {"))" 7 7%" s0"\ —_ oe : IE. FU ms " 


85,012-Y 3 4” 60” : 8.75 Projects nearly 400 stars 
= - = ° Al i more than 70 constellations 
5,013-Y ‘ 5s” 48" eae 9.00 in their correct relationship 
85.014-Y 67%” 7” 66” 15.00 Use it in any darkened roon 
All tubing is shipped f.o.b. Barrington. N. J of the house, project it on 

s and ceiling. No bat- 

teries works on. ordinary 

household current. Two sim- 

MOUNTED ple adjustments that show 

you the sky as it appear 


ERFLE EYEPIECE from any point in the North- 


ern Hemisphere or any 


68° FIELD OF VIEW cai ok ! Ren 


Stock +50,074-Y $16.25 ppd 


year 
Consists of 3 coated achro- ‘ S BSAE Ag lt free 
mats in metal mount aluable information about t 
spiral focusing. F.L 4 identification of the constells 
Diam. 54 mm., length 54 mn Illuminated pointer 
War surplus. Govt. cost about About 14” | 
$84.00. This is the type war- ou 4 ligh on a i 
For Reflectors For Refractors surplus bargain that will be Stock 2+70,040-Y $14.95 ppd 
talkec about n years to = w ; 
Now you can improve performance in a most — ra while Se cat Stock # 70.0359 Y Sky Zoo Projector $3.98 ppd 
important part of your telescope the eyepiece ’ Stock | = 70.,060-Y Southern Hemisphere 
holder. Smooth, trouble-free focusing will help Stock +5160-Y, $12.50 ppd. Projector $3.98 ppd 
you to get professional performance. Look at al P 
these fine features: rea] rack-and-pinion focusing 
with variable tension adjustment; tube accom- 5X FINDER TELESCOPE 
modates standard 144” eyepieces and accessory ea) ERFLE ADAPTER ; Paki she * 
equipment; lightweight aluminum body casting; ve f tt 
focusing tube and rack of chrome-plated brass: Provides 11,” diameter mount for J 
body finished in black wrinkle paint. No. 50,077-Y fitting above Erfle eyepiece int 
is for reflecting telescopes, has focus travel of ove standard eyepiece holders 
2”, and is made to fit any diameter or type tubing 
by attaching through small holes in the base Stock 230,171-Y $3.95 ppd. 


Nos. 50,103-Y and 50,108-Y are for refractors and 114” di 
have focus travel of over 4”. Will fit our 2%’ Sn 4 tam. 
1.D. and our 37,” I.D. aluminum tubes respectively 


Stock +50,077-Y (‘less diagonal holder) $9.95 ppd. WAR PE 
Stock 260,035-Y (diagonal holder only) 1.00 ppd. SURPLUS TELESCO Has crosshairs for exact locating. You focu 
Stock =50,103-Y (for 279” I.D. tubing) 12.95 ppd. by sliding objective mount in and out. Base fits 
+ ( is i ° EYEPIECE any diameter tube an Important advantage 
Stock =50,108-Y (‘for 37,” I.D. tubing) 13.95 ppd. Hae 8 centeriun screte for alleninw simon 
Mounted Kellner Eyepiece, taleseone 20cm: diais.. oblective: Welehar las 
Type 3. 2 achromats, F.L. 28 ahaa 26 sound . li J r l 
mm., eye relief 22 mm. An ex- 4 : 


OD. 1%" Stock +50,121-Y $8.00 ppd 


tension added, F 
HUYGENS EYEPI EC ES standard for all tyres Se tele- 
nee: eee eee eee MISCELLANEOUS ITEMS 


Here are some really terrific values in eyepieces ! Stock 25223-Y, $5.95 ppd. ge d 
The three eyepieces listed below are manufactured pee the poe d 3 woes = sialic 
by one of the world’s best producers of optical , ST ct aaa 
components. We have searched the world’s mar- DOUBLE AND TRIPLE YOUR TELESCOPE’S Stock 2+30,189-Y $6.00 ppd. 
kets, including Germany and France, to find a POWER WITH A BARLOW LENS 60° SPECTROMETER PRISM Soicshadevets 18 
real quality eyepiece. The image clarity, the Stock 230,140-Y. Mounted Achromatic Barlow mm. x 30 mm Hat to Fe daveitenni ae 
workmanship evidenced in the metal parts, will Lens $15.00 ppd. ee : ee ae ahs 
prove the skill and experience of Goto Optical sigcy, 430,195-¥. Unmeunted, ©.D. 1-2/16". Steck #30,143-¥ TSF O08 
Company, Tokyo. Guaranteed terrific buys! Coated. Fits in tubing listed below $3.00 ppd. 
neyresets Ln a 1144” DIAM. BRASS TUBING BE SURE TO CET FREE CATALOG “Y” 
6 mm. if) Focal Length a 7 - ; Fantastic variety — never before have so many 
Stock +30,063-Y $8.50 ppd. 2 pieces, 3” long, slide fitting. Blackened brass. lenses, prisms, optical instruments, and compo 
12.5 mm. (12”) Focal Length ie ig ee. O.D. 1-5/16”. To fit single-element nents been offered trom one source. Poaitiuah: 
yee . - re a : the greatest assembly of bargains in all America 
Stock +30,064-Y $8.00 ppd. Stock = 40,165-Y $1.25 ppd. Imported! War Surplus! Hundreds of other hard 
COMBINATION EYEPIECE — 10 mm. and 20 mm. 30-day Money Back Guarantee to-get optical items. Write for Free Catalog 'Y.’ 
Stock +30,065-Y $9.00 ppd. as with all our Merchandise! 








ORDER BY STOCK NUMBER... SEND CHECK OR MONEY ORDER... SATISFACTION GUARANTEED! 


BARRINGTON e NEW JERSEY 
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respectively; also, at 7 p-m. and 6 p-m. 
on November 7th and 23rd. For other 
dates, add or subtract . hour per week. 


When facing south, hold “South” at the 
bottom; turn the chart correspondingly 
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for other directions. On the stereographic 
projection used in this chart, celestial 
hour circles and parallels are represented 
as parts of circles, and an observer's hori- 
zon is always a circle. 
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STARS FOR JULY 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local 
time, on the 7th and 23rd of July, re- 
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spectively; also, at 7 p.m. on August 7th. 
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GALAXIES e 

OPEN CLUSTERS 
GLOBULAR CLUSTERS +3 
DIFFUSE NEBULAE °o 
o 


PLANETARY NEBULAE 


MILKY WAY BOUNDARIES 


magnitude stars Vega, Deneb, and Altair, 
a veritable super-constellation. —In_ the 
southern sky, the bright red star 
attracts attention to a_ favorite 


lowe1 
Antares 
group, the Scorpion, 
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DOUBLE STAR OBSERVATIONS 6.8, 3.2: Epsiion! Lyrae, 4.6-6.3, 3.1; Epsi 
lon Bootis, 3.0-6.3, 2.8: Epsilon? Lyrae, 


oar 9.59 98 a“ o * 
L U N A R M A b in the May issue, page 331, interested me ts jee, 3: Mu Librae, 5.1-6.3, 2.1) Delta 
ive 3.0-6.5, 2 ti ° 
particularly, as I had begun a program of Bn, 9 DD A: Zeta \qu aril, 44-420; 
se ne n e 4 emand q): 4 J , ( &- . 
eet the unexpected dema double star observing with my 34-inch 1.9; Xi Ursae Majoris, 4.44.9, 1.8; Zeta 


the LUNAR MAP. which appeared 2 8 15 * ‘ 
UNAR V peare Herculis, 3.1-5.6, 1.6: and 52 Orionis, 6.2 


the January issue Ww avail reflector This telescope is equatorially 
le separately. Over nches in 6:2, 1.5 RENE A. WURGEL 
634 49th St 


the mar jentifies most 
phot FE ar ge Do soi and declination circles. For double stars a 
jing list of lunar place I use a 4d-mm. microscope objective as a Union City, N. J 

ncluded Ideal for fran ; ; 

at the telescope, studying tele scope eyeplece, gIVINg a power of 240x 

classroom From my observing notes I have selected SUNSPOT NUMBERS 
25 cents each, postpa 

re, 20 cents each, postpaid 


or more 


. mr ’ 
Av ole se rs , 
{vailabl eparately Mr. Houston’s column on Delta Cveni 


T n 


mounted, and I have added hour-angl 


the following doubles closer than four April 1, 79, 60; 2, 49, 69; 3, 37, 66; 4, 

seconds of arc that I have split. After the 22, 66; 5, 31, 50; 6, 36, 45: 7, 53, 63; 8, 
plus postage Special . : . : 36: Fi 3 B 

atity rates to planetariums name of each pair are given the magni 84, 86; 9, 107, 103: 10, 134, 145: 11, 140. 


iseums for counter sales tudes of its components and theit sepa 144; 32, 169, 160; 23, 170; 178: 14, 147. 
SKY PUBLISHING CORPORATION ration in seconds of are. 164; 15, 161, 150; 16, 130, 120: 17, 188, 
Harvard Observatory, Cambridge 38, Mass 130; 18, 173, 140; 19, 161, 130; 20, 139, 
140; 21, 135, 140; 22, 124, 120: 23: 86. 
115; 24, 76, 96; 25, 91, 104; 26, 82, 88: 27, 
78, 94; 28, 57, 67; 29, 57, 32: 30; 77, 70 


SKY-GAZERS EXCHANGE a Gamucler. Sine Gore. et $18.04 Means for April: 102.44 American: 104.5 


» ( rles Krapf, ] 
Classified advertising costs 15 cents a word, in , : , wig Zurich 


2 Comae, 6.0-7.5. 3.8: Gamma Ceti. 3.0 














ling I harg $3.00 per ad 

clue ing aaaress minimum charge « : 

F SUPPLIES. and. binocd Aboxe or 
Remittance must accompany order Insertion 1s chanwed cenaiven Ree . 

l mean relati sunspot 


computed by D 


guaranteed only on copy received by the 20th of 
the second month before publication; otherwise ve ng Beach 6, Calif 
lar 


Division observat 

insertion will be made in next issue. We cannot : eo, : from Zurich Observat 

wcknowledge classified ad orders. Sky Publishing 2 ' : cates iA ia ee Locart and Arosa 

Corporation assumes no responsibility for 7 witl minimum ¢ ce idy-to-us nold t Dr M Waldime er, of Zurich Observa 
rents made in classified ads, nor for the quality to mirrors $ vier n f larger 

oy | ; , lvertised. Write Ad cae S} mirrors for sale or rent. Se for details and tory, has predicted smoothed monthly 
0 merchandise aavertised 


nd Telescope, Harvard Observatory, Cambridge sunspot numbers for the next few months 


July, 143: August. 118; September, 153: 
and October, 157 


‘8. Massachusetts 


WANTED 
\s t 
t PREDICTIONS OF BRIGHT 
MINOR PLANET POSITIONS 
Pallas, 2, 9.1. July 16, 21:43.9 +14-12 
f Pewee ae ‘ “eggs : 26; 25:37 + 13-34 August 5, 21:30.8 
Park 68 smit rrance, Calit + 12-32; 15, 21:23.2 +- 11-08 25, 27: 156 
+ 9-24. September 4, 21:08.9 + 7-26 
Dembowska, 549, 941. July 26, 22:16. 
25-45 August 5, 22:09.5 24-29; 15, 
bridle aka ne hoc } 22:01.2 —25-11; 25, 21:52.3 25-40. Sep 
LaMesa, Dodge City, Kans tember , Zia ; 3; 14, 21:36.9 


25-50 


SETTING CIRCLES 


OQUESTAR WANTED. Wil 
its right 

GOVERNMENT SURPLUS: 1 telescope precisior (1950 for 0" Universal 
nilt 1 ' ve lens - her ive motor t I s dq so1s re grad 

' Minor Planet ¢ 


incinnati Observatory 


wer 


MINIMA OF ALGOL 
July 2, 23:40; 5, 20:29; 8, 
14:06; 14; 10:5; 17; 743: 20; 


FOR SALI 
Co 1:20; 25, 22:09; 28, 18:58; 


I 
gust 3, 12:34; 6, 9:23; 
These minima predictions for Alg ire based 
KES WI ‘ ster - 4 the formula in the 1953 International Supplement 
COMBINATION : t egrait oe ae k . ow aati e14 f the Krakow Observatory ; > times given are 
‘ C alte esig: ie salit A Ibr ; sila geocentric; they can be compared directly wit 
bserved times of least brightness 


RICH HII tnleacone <enwivsqoedsi fronl Guns” 

rae id 20. PS apes ae ichromatic: bj CINE S MOON PHASES AND DISTANCE 
in aluminum cell. $ ra haya Last quarter July 1, 8:40 
New moon July 8, 4:37 
; First quarte) July 14, 20:46 

FOR SALE: Will « id r mal 

| "or 1 ” pyre I ror blar ie 1214” Full moon July 22. 2-25 
ASS RES AS cccgetch ws Last quarter July 30, 19:31 
PR Des doe 4 . ” : va ae i cages ri fractors, equatorial mounts, slow-motion circles, New moon August 6, 11:25 


\ve B 


new 


July Distance Diameter 
Perigec 8, 11" 222;100 mi. 33° 267 
MOUNTED: 5” and 6” refractor objectives of t Apogee Ze, Li” 252,500 mi. 29° 257 


il 


‘stasiebee Metre pn Ria yet OT Wither August 


Sumt 


Periges 5, 21" 222.400 mi. 
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As every exacting telescope user knows, the heart of a 
telescope is its objective lens or primary mirror. It is difficult 
to make the four surfaces of an achromatic two-element lens, 
and few amateurs tackle the task. But the mounting of a 
mirror and the maintenance of a reflecting telescope are often 
costly and time-consuming, while a refractor can be con- 
structed easily and inexpensively with one of our astronomical 
objectives. The finished instrument requires little attention 
over the years and is always worth its original cost. 


Therefore, if you want to get the most telescope for yout 
time and money, buy one of our first-quality objectives and 
mount it yourself simply by attaching the cell to a tube of the 
proper diameter and length. The other end of the tube should 
carry a smaller sliding tube which in turn has an eyepiece 
holder. Focusing may be done by sliding one tube in the other, 
by rack and pinion, or by a spiral-focusing mechanism. 


You have no diagonal support problem, no diagonal o1 
prism to shake loose, no complicated aligning, no diffraction 
patterns of diagonal and support. Even the five-foot tube as 
sembly of a 4-inch refractor is light and easy to mount as an 
altazimuth or equatorial instrument (see Amateur Telescope 
Making—Book Two, pages 192-211). It can be put on a tripod 
that is easily portable or on a permanent pier. Refractors are 
noted for the ease with which they can be set up and taken 
down; they pack easily into boxes for shipment and _ travel. 
The refractor lens provides a large field of excellent definition 
suitable for all kinds of eyepieces and for direct or projection 
photography. Either of our objectives, combined with any of 
our seven eyepieces, gives a wide range of powers: 


Your order, accompanied by check or money order, 


Lach 4-inch and 3-inch Brandon objective is shipped already mounted in a 
cell, ready to attach to your own tube of aluminum, brass, steel, on plastre. 


NOW ANY AMATEUR CAN MAKE HIS OWN REFRACTOR! 


Brandon Astronomical Objectives 


Size of eyepiece 4-mm. 6-mm. 8-mm. 12-mm. 16-mm. 24-mm. 
3-inch £/15 lens: 290x 195x 145x 95x 75x 50x 
4-inch {/15 lens: 390x  260x 195x 130x 95x 65x 


When atmospheric conditions permit, you can take ad- 
vantage of the well-known resolving power of the refractor. 
You have the perfect instrument for observing details on the 
planets, such as Mars when nearest to us this summer. Each 
Brandon lens is rigidly tested for its resolution of double 
stars before being sold. Brandon objectives enjoy an enviable 
reputation among professional and amateur astronomers for 
their fine performance. Check these features: 


1. Superior optical design utilizing a larger air separation. 
Color corrected on C and F and hand corrected to reduce 
residuals to a minimum. Completely free of coma. 


2. Glass-air surfaces magnesium-fluoride coated, increas 
ing light transmission approximately 10 per cent. 

3. Quality optical glass precision annealed and held to 
one ring test-plate match. 

4. Cell made to precision tolerances and suitably coated 
to prevent stray light reflections. Each cell engraved with 
effective focal length and serial number. 

These objectives are supplied with cells and rigidly tested 
on double stars for resolving power before being sold: 


$ 62.00 
$138.00 


45.8” Focal Length 
61.2” Focal Length 


3” Clear Aperture 


4” Clear Aperture 


will be filled immediately and sent air-mail insured. 


Send self-addressed 6¢ (air mail) stamped envelope for other dimensions. Satisfaction guaranteed, or your money will be refunded 


Brandon Instruments 


GUAYNABO, PUERTO RICO 
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